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7KH UROH RI WKH QRQFDQRQLFDO




6XEPLWWHG LQ IXOILOPHQW RI WKH UHTXLUHPHQWV IRU WKH GHJUHH
RI 3K'
,QVWLWXWH RI &DQFHU 6FLHQFHV
&ROOHJH RI 0HGLFDO 9HWHULQDU\ DQG /LIH 6FLHQFHV
8QLYHUVLW\ RI *ODVJRZ
$XJXVW 
7KH ZRUN SUHVHQWHG LQ WKLV WKHVLV ZDV SHUIRUPHG HQWLUHO\ E\ WKH DXWKRU H[FHSW DV
DFNQRZOHGJHG 7KLV WKHVLV KDV QRW EHHQ SUHYLRXVO\ VXEPLWWHG IRU D GHJUHH RU GLSORPD DW




7R P\ SULPDU\ VXSHUYLVRU 3URIHVVRU -RDQQH (GZDUGV D KHDUWIHOW WKDQN \RX IRU ZHOFRPLQJ
PH LQWR WKH ODE DQG IRU WKH RSSRUWXQLW\ WR ZRUN RQ WKLV SURMHFW , DP LQFUHGLEO\ JUDWHIXO IRU
KHU RQJRLQJ VXSSRUW DQG HQFRXUDJHPHQW
$ VSHFLDO WKDQNV WR P\ VHFRQGDU\ VXSHUYLVRU 'U -HDQ 4XLQQ DQG IHOORZ 3K' VWXGHQW 0LOO\
0F$OOLVWHU IRU WKHLU RYHUZKHOPLQJ VXSSRUW DQG SDWLHQFH ZKLOVW , FDUULHG RXW WKLV ZRUN
7KDQN \RX WR HDFK PHPEHU RI WKH (GZDUGV WHDP \RXU DGYLFH DQG KXPRXU KDYH KHOSHG PH
WR QDYLJDWH WKH ODVW IHZ \HDUV IDU EHWWHU WKDQ , HYHU FRXOG ZLWKRXW WKHP 7KDQN \RX DOVR WR
'U $QWRQLD 5RVHZHLU 3URIHVVRU 'RQDOG 0F0LOODQ DQG 3URIHVVRU 3DXO +RUJDQ IRU WKHLU
YDOXDEOH FRQWULEXWLRQV , ZRXOG DOVR OLNH WR WKDQN 'U $QGUHZ 3DXO DW WKH 8QLYHUVLW\ RI
6WUDWKFO\GH IRU DOORZLQJ PH WR VSHQG VXFK LPSRUWDQW WLPH LQ KLV ODE
)LQDOO\ , HVSHFLDOO\ WKDQN 0XP 'DG 3DUXO 0LFKDHO DQG )HUJXV IRU WKHLU XQOLPLWHG
VXSSRUW GXULQJ WKH FRXUVH RI WKHVH VWXGLHV DQG EH\RQG
6XPPDU\
&RORUHFWDO FDQFHU &5& LV WKH IRXUWK PRVW FRPPRQ FDQFHU LQ WKH 8. DQG GHVSLWH HDUOLHU
GHWHFWLRQ DQG LPSURYHG WUHDWPHQWV LW UHPDLQV WKH VHFRQG PRVW FRPPRQ FDXVH RI FDQFHU
GHDWK &XUUHQWO\ 710 VWDJLQJ LV ZLGHO\ XVHG WR GHWHUPLQH SDWLHQW SURJQRVLV DQG WKH QHHG
IRU DGMXYDQW WKHUDSLHV KRZHYHU LW LV ZHOO UHFRJQLVHG WKDW &5& LV D KHWHURJHQHRXV GLVHDVH
DQG SDWLHQWV ZLWK WKH VDPH VWDJH RI GLVHDVH FDQ KDYH YHU\ GLIIHUHQW VXUYLYDO RXWFRPHV 7KH
PROHFXODU PHFKDQLVPV XQGHUSLQQLQJ WKHVH GLIIHUHQFHV DQG GLIILFXOWLHV DVVRFLDWHG ZLWK
WUHDWPHQW UHVLVWDQFH KDYH \HW WR EH IXOO\ HOXFLGDWHG 7KLV UHTXLUHV DWWHQWLRQ 8QGHUVWDQGLQJ
PROHFXODU VLJQDOOLQJ SDWKZD\V DOORZV WKH GLVFRYHU\ RI QHZ WKHUDSHXWLF WDUJHWV DQG
LGHQWLILFDWLRQ RI ELRPDUNHUV WR HQDEOH WUHDWPHQWV WR EH GLUHFWHG WRZDUGV WKRVH SDWLHQWV ZKR
ZLOO EHQHILW WKH PRVW
1XFOHDU )DFWRU NDSSD % 1)ț% KDV NH\ UROHV LQ WXPRXULJHQLF SURFHVVHV GHVFULEHG DV WKH
KDOOPDUNV RI FDQFHU +RZHYHU WKH PDMRULW\ RI WKLV HYLGHQFH LV EDVHG RQ LQYHVWLJDWLRQ RI
WKH FDQRQLFDO 1)ț% SDWKZD\ 7KH DLPV RI WKH SUHVHQW VWXG\ ZHUH WR XQGHUVWDQG WKH UROH RI
WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LQ WKH GHYHORSPHQW DQG SURJUHVVLRQ RI &5& HVWDEOLVK LI
H[SUHVVLRQ RI QRQFDQRQLFDO SDWKZD\ PHPEHUV FRXOG EH HPSOR\HG DV SURJQRVWLF
ELRPDUNHUV DQG DVVHVV WKH YLDELOLW\ RI LQKLELWLQJ NH\ QRQFDQRQLFDO NLQDVH ,..Į DV D
SRWHQWLDO WKHUDSHXWLF VWUDWHJ\ LQ &5&
8VLQJ D WLVVXH PLFURDUUD\ 70$ LPPXQRKLVWRFKHPLVWU\ ZDV XVHG WR DVVHVV H[SUHVVLRQ RI
NH\ PHPEHUV RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LQ SDWLHQWV ZKR KDG XQGHUJRQH VXUJHU\
IRU VWDJH ,,,, &5& +LJK F\WRSODVPLF H[SUHVVLRQ RI ,..Į ZDV DVVRFLDWHG ZLWK DGYHUVH
SDWKRORJLFDO WXPRXU IHDWXUHV LQFOXGLQJ LQFUHDVLQJ 7 VWDJH SRRU WXPRXU GLIIHUHQWLDWLRQ
WXPRXU QHFURVLV DQG ORZ SUROLIHUDWLRQ VWDWXV .H\ SDWKZD\ PHPEHUV ZHUH DOVR LQYHVWLJDWHG
LQ D FRKRUW RI SDWLHQWV ZKR XQGHUZHQW WUHDWPHQW IRU VFUHHQGHWHFWHG 7 &5& (YHQ LQ
WKLV FRKRUW RI HDUO\VWDJH GLVHDVH ,..Į ZDV DVVRFLDWHG ZLWK D PRUH LQYDVLYH SKHQRW\SH
$Q XQIDPLOLDU µSXQFWDWH¶ SDWWHUQ RI ,..Į H[SUHVVLRQ ZDV REVHUYHG DQG WKLV ZDV DVVRFLDWHG
ZLWK VLJQLILFDQWO\ LQIHULRU VXUYLYDO RXWFRPH LQ SDWLHQWV ZKR KDG XQGHUJRQH VXUJHU\ IRU
VWDJH ,,,, &5& WKLV ZDV SRWHQWLDWHG LQ SDWLHQWV ZLWK %5$) ZLOGW\SH VWDWXV 8VLQJ
LPPXQRFKHPLVWU\ WKH SUHVHQW VWXG\ ZDV DEOH WR GHPRQVWUDWH WKH SDWWHUQ RI SXQFWDWH ,..Į
H[SUHVVLRQ ZDV QRW DVVRFLDWHG ZLWK WZR ,..Į SKRVSKRU\ODWLRQ VLWHV 7R LQYHVWLJDWH WKH
GLVWULEXWLRQ DQG ORFDOLVDWLRQ RI ,..Į IXUWKHU PDUNHUV RI FHOOXODU WUDQVSRUW ZHUH
LQYHVWLJDWHG XVLQJ LPPXQRIOXRUHVFHQFH ,..Į ZDV FRORFDWHG ZLWK D PDUNHU RI WKH *ROJL
DSSDUDWXV 7KLV REVHUYDWLRQ UDLVHV D QXPEHU RI SRVVLEOH K\SRWKHVHV WKDW UHTXLUH IXUWKHU
LQYHVWLJDWLRQ
([SUHVVLRQ RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ ZDV LQYHVWLJDWHG LQ WZR FRORQ FDQFHU FHOO
OLQHV ZLWK FRQWUDVWLQJ PXWDWLRQDO ODQGVFDSHV 8VLQJ ZHVWHUQ EORW WKH SUHVHQW VWXG\ ZDV DEOH
WR GHPRQVWUDWH WKH QRQFDQRQLFDO 1)ț% SDWKZD\ FDQ EH LQKLELWHG ZLWK ILUVWLQFODVV ,..Į
LQKLELWRUV 7KLV GDWD WRJHWKHU ZLWK UHVXOWV IURP WLVVXH VWXGLHV VXJJHVW LQYHVWLJDWLRQ RI
,..Į LQ &5& VKRXOG EH SXUVXHG IXUWKHU $GGLWLRQDO VWXGLHV DUH UHTXLUHG WR LQYHVWLJDWH WKH




3DWHO 0 +RRG + 4XLQQ - &DUOLQ /0 $QGHUVHQ '. 5RVHZHLU $. 3RZHOO $*07
+RUJDQ 3* 0F0LOODQ '& (GZDUGV - 7KH UROH RI ,..Į LQ FRORUHFWDO FDQFHU ,Q
SUHSDUDWLRQ
3DWHO 0 +RUJDQ 3* 0F0LOODQ '& (GZDUGV -( 1)ț% SDWKZD\V LQ WKH GHYHORSPHQW DQG
SURJUHVVLRQ RI FRORUHFWDO FDQFHU 7UDQVODWLRQDO 5HVHDUFK  
3DWHO 0 0F6RUOH\ 67 3DUN -+ 5R[EXUJK &6' (GZDUGV - +RUJDQ 3* 0F0LOODQ '&
7KH UHODWLRQVKLS EHWZHHQ ULJKWVLGHG WXPRXU ORFDWLRQ WXPRXU PLFURHQYLURQPHQW V\VWHPLF
LQIODPPDWLRQ DGMXYDQW WKHUDS\ DQG VXUYLYDO LQ SDWLHQWV XQGHUJRLQJ VXUJHU\ IRU FRORQ DQG
UHFWDO FDQFHU %ULWLVK -RXUQDO RI &DQFHU  
3UHVHQWDWLRQV
7KH UROH RI ,..Į LQ FRORUHFWDO FDQFHU 3RVWHU 3DWHO 0 +RRG + 4XLQQ - 5RVHZHLU $.
3RZHOO $ +RUJDQ 3* 0F0LOODQ '& (GZDUGV - 1DWLRQDO &DQFHU 5HVHDUFK ,QVWLWXWH
&RQIHUHQFH  *ODVJRZ
7KH UHODWLRQVKLS EHWZHHQ WKH QRQFDQRQLFDO 1)ț% SDWKZD\ WXPRXU PLFURHQYLURQPHQW
V\VWHPLF LQIODPPDWLRQ DQG VXUYLYDO LQ SDWLHQWV XQGHUJRLQJ VXUJHU\ IRU FRORUHFWDO FDQFHU
3RVWHU 3DWHO 0 %HQQHWW / 4XLQQ -$ YDQ :\N +& +RUJDQ 3* 0F0LOODQ '& 3DUN -+
(GZDUGV - $6&2 *,  $PHULFDQ 6RFLHW\ RI &OLQLFDO 2QFRORJ\ *DVWURLQWHVWLQDO &DQFHUV
6\PSRVLXP  6DQ )UDQFLVFR 3XEOLVKHG DEVWUDFW - &OLQ 2QFRO  VXSSO  
7KH UHODWLRQVKLS EHWZHHQ WXPRXU ORFDWLRQ WXPRXU PLFURHQYLURQPHQW V\VWHPLF
LQIODPPDWLRQ DQG FDQFHUVSHFLILF VXUYLYDO LQ SDWLHQWV XQGHUJRLQJ VXUJHU\ IRU FRORQ FDQFHU
3RVWHU 3DWHO 0 3DUN -+ YDQ :\N +& (GZDUGV - +RUJDQ 3* 0F0LOODQ '& $6&2 *,
 $PHULFDQ 6RFLHW\ RI &OLQLFDO 2QFRORJ\ *DVWURLQWHVWLQDO &DQFHUV 6\PSRVLXP  6DQ
)UDQFLVFR 3XEOLVKHG DEVWUDFW - &OLQ 2QFRO  VXSSO  
7KH UHODWLRQVKLS EHWZHHQ WKH QRQFDQRQLFDO 1)ț% SDWKZD\ WXPRXU PLFURHQYLURQPHQW
V\VWHPLF LQIODPPDWLRQ DQG VXUYLYDO LQ SDWLHQWV XQGHUJRLQJ VXUJHU\ IRU FRORUHFWDO FDQFHU
2UDO SUHVHQWDWLRQ 3DWHO 0 %HQQHWW / 4XLQQ -$ YDQ :\N +& +RUJDQ 3* 0F0LOODQ
' & 3DUN -+ (GZDUGV - $VVRFLDWLRQ RI 6XUJHRQV *UHDW %ULWDLQ 	 ,UHODQG  *ODVJRZ
3XEOLVKHG DEVWUDFW %U - 6XUJ  VXSSO  
7KH UHODWLRQVKLS EHWZHHQ WKH QRQFDQRQLFDO 1)ț% SDWKZD\ WXPRXU PLFURHQYLURQPHQW
V\VWHPLF LQIODPPDWLRQ DQG VXUYLYDO LQ SDWLHQWV XQGHUJRLQJ VXUJHU\ IRU FRORUHFWDO FDQFHU
2UDO SUHVHQWDWLRQ 3DWHO 0 %HQQHWW / 4XLQQ -$ YDQ :\N +& +RUJDQ 3* 0F0LOODQ
'& 3DUN -+ (GZDUGV - 8. 	 ,UHODQG 1)ț% :RUNVKRS  1HZFDVWOH
ŽŶƚĞŶƚƐ




ϭ͘ϭ ŽůŽƌĞĐƚĂů ĐĂŶĐĞƌ ĞƉŝĚĞŵŝŽůŽŐǇ͕ ƉĂƚŚŽůŽŐǇ ĂŶĚ ƉƌŽŐŶŽƐƚŝĐ ĨĂĐƚŽƌƐϭϵ
ϭ͘ϭ͘ϭ ŽůŽƌĞĐƚĂů ĐĂŶĐĞƌ ŝŶĐŝĚĞŶĐĞ͕ ŵŽƌƚĂůŝƚǇ ĂŶĚ ƐƵƌǀŝǀĂůϭϵ
ϭ͘ϭ͘Ϯ ŽůŽƌĞĐƚĂů ĐĂŶĐĞƌ ĂĞƚŝŽůŽŐǇϮϬ
ϭ͘ϭ͘ϯ ,ŽƐƚ ŝŶĨůĂŵŵĂƚŝŽŶ͕ ƚƵŵŽƵƌ ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ ĂŶĚ ĐŽůŽƌĞĐƚĂů ĐĂŶĐĞƌ ƉƌŽŐŶŽƐŝƐϮϮ
ϭ͘ϭ͘ϰ ŽůŽƌĞĐƚĂů ĐĂŶĐĞƌ ƉĂƚŚŽŐĞŶĞƐŝƐϮϯ
ϭ͘ϭ͘ϱ WĂƚŚŽůŽŐŝĐĂů ƚƵŵŽƵƌ ĂƐƐĞƐƐŵĞŶƚϮϱ
ϭ͘ϭ͘ϲ ŽŶƐĞŶƐƵƐ DŽůĞĐƵůĂƌ ƐƵďƚǇƉĞƐϮϱ
ϭ͘Ϯ dƌĞĂƚŵĞŶƚ ŽĨ ĐŽůŽƌĞĐƚĂů ĐĂŶĐĞƌϮϲ
ϭ͘Ϯ͘ϭ ^ƵƌŐĞƌǇ Ϯϲ






ϭ͘ϯ͘Ϯ dŚĞ ĐĂŶŽŶŝĐĂů E&Ͳʃ ƉĂƚŚǁĂǇϯϭ
ϭ͘ϯ͘ϯ dŚĞ ŶŽŶͲĐĂŶŽŶŝĐĂů E&Ͳʃ ƉĂƚŚǁĂǇ ϯϮ
ϭ͘ϯ͘ϰ E&Ͳʃ ŚŽŵĞŽƐƚĂƐŝƐϯϯ
ϭ͘ϯ͘ϱ E&Ͳʃ ĐƌŽƐƐƚĂůŬϯϰ
ϭ͘ϯ͘ϲ E&Ͳʃ ĂŶĚ ĐĂŶĐĞƌ ϯϱ
ϭ͘ϰ E&Ͳʃ ĂŶĚ ĐŽůŽƌĞĐƚĂů ĐĂŶĐĞƌ ϯϳ
ϭ͘ϰ͘ϭ WƌŽůŝĨĞƌĂƚŝŽŶ ĂŶĚ ĞǀĂĚŝŶŐ ĂƉŽƉƚŽƐŝƐͬĂŶƚŝŐƌŽǁƚŚ ƐŝŐŶĂůůŝŶŐ ϯϳ
ϭ͘ϰ͘Ϯ ŶŐŝŽŐĞŶĞƐŝƐ ϰϬ
ϭ͘ϰ͘ϯ DĞƚĂƐƚĂƐŝƐ ĂŶĚ ƐĞůĨͲƐƵĨĨŝĐŝĞŶĐǇ ŝŶ ŐƌŽǁƚŚ ƐŝŐŶĂůƐϰϭ
ϭ͘ϰ͘ϰ E&Ͳʃ ĐƌŽƐƐƚĂůŬ ǁŝƚŚ ŽƚŚĞƌ ƐŝŐŶĂůůŝŶŐ ƉĂƚŚǁĂǇƐ ŝŶ Zϰϯ
ϭ͘ϰ͘ϱ E&Ͳʃ ŝŶĚĞƉĞŶĚĞŶƚ ƌŽůĞƐ ŽĨ /<<ɲϰϲ
ϭ͘ϰ͘ϲ E&Ͳʃ ĂŶĚ ƚŚĞƌĂƉĞƵƚŝĐƐ ŝŶ ĐŽůŽƌĞĐƚĂů ĐĂŶĐĞƌϰϳ
ϭ͘ϰ͘ϳ E&Ͳʃ ĂƐ Ă ďŝŽŵĂƌŬĞƌ ŝŶ Zϰϵ
ϭ͘ϱ ŚĂƉƚĞƌ ĐŽŶĐůƵƐŝŽŶƐ ϱϭ
ϭ͘ϲ ZĞƐĞĂƌĐŚ ĂŝŵƐ ĂŶĚ ŚǇƉŽƚŚĞƐŝƐϱϮ
ŚĂƉƚĞƌ Ϯ͗ DĂƚĞƌŝĂůƐ ĂŶĚ ŵĞƚŚŽĚƐϱϯ
Ϯ͘ϭ dŝƐƐƵĞ ƐƚƵĚŝĞƐϱϰ
Ϯ͘ϭ͘ϭ ŶƚŝďŽĚǇ ǀĂůŝĚĂƚŝŽŶϱϰ
Ϯ͘ϭ͘Ϯ WĂƚŝĞŶƚ dD ϱϰ
Ϯ͘ϭ͘ϯ /ŵŵƵŶŽŚŝƐƚŽĐŚĞŵŝƐƚƌǇϱϲ
Ϯ͘ϭ͘ϰ ^ĐŽƌŝŶŐ ŽĨ /,ϲϬ
Ϯ͘ϭ͘ϱ ^ƚĂƚŝƐƚŝĐĂů ŶĂůǇƐŝƐϲϬ
Ϯ͘ϭ͘ϲ /ŵŵƵŶŽĨůƵŽƌĞƐĐĞŶĐĞ ϲϭ
Ϯ͘Ϯ /Ŷ ǀŝƚƌŽ ƐƚƵĚŝĞƐϲϱ
Ϯ͘Ϯ͘ϭ ƵůƚƵƌŝŶŐ ŽĨ ĐŽůŽŶ ĐĂŶĐĞƌ ĐĞůů ůŝŶĞƐ ϲϱ
Ϯ͘Ϯ͘Ϯ ^ƚŝŵƵůĂƚŝŽŶ ŽĨ ƚŚĞ ŶŽŶͲĐĂŶŽŶŝĐĂů E&Ͳʃ ƉĂƚŚǁĂǇ ŝŶ ĐŽůŽŶ ĐĂŶĐĞƌ ĐĞůůƐϲϲ
Ϯ͘Ϯ͘ϯ /ŶŚŝďŝƚŝŽŶ ŽĨ ƚŚĞ ŶŽŶͲĐĂŶŽŶŝĐĂů E&Ͳʃ ƉĂƚŚǁĂǇ ŝŶ ĐŽůŽŶ ĐĂŶĐĞƌ ĐĞůůƐϲϲ
Ϯ͘ϯ tĞƐƚĞƌŶ ďůŽƚƚŝŶŐ ϲϳ
Ϯ͘ϯ͘ϭ >ǇƐŝƐ ŽĨ ƉƌŽƚĞŝŶϲϳ
Ϯ͘ϯ͘Ϯ ^^ͲWŽůǇĂĐƌǇůĂŵŝĚĞ 'Ğů ůĞĐƚƌŽƉŚŽƌĞƐŝƐ ;^^ͲW'Ϳϲϳ
Ϯ͘ϯ͘ϯ WƌŽƚĞŝŶ ƚƌĂŶƐĨĞƌϲϴ
Ϯ͘ϯ͘ϰ ůŽĐŬŝŶŐ͕ ƐƚĂŝŶŝŶŐ ĂŶĚ ǀŝƐƵĂůŝƐĂƚŝŽŶ ϲϴ
Ϯ͘ϯ͘ϱ ^ƚƌŝƉƉŝŶŐ ŽĨ ŵĞŵďƌĂŶĞϲϵ
Ϯ͘ϯ͘ϲ YƵĂŶƚŝĨŝĐĂƚŝŽŶ ŽĨ ĞǆƉƌĞƐƐŝŽŶ ůĞǀĞůƐϲϵ
ŚĂƉƚĞƌ ϯ͗ ǆƉƌĞƐƐŝŽŶ ŽĨ ŵĞŵďĞƌƐ ŽĨ ƚŚĞ ŶŽŶͲĐĂŶŽŶŝĐĂů E&Ͳʃ
ƉĂƚŚǁĂǇ ŝŶ ĐŽůŽƌĞĐƚĂů ĐĂŶĐĞƌ ƐƉĞĐŝŵĞŶƐ ;'ůĂƐŐŽǁ ĐŽŚŽƌƚͿϳϭ
ϯ͘ϭ /ŶƚƌŽĚƵĐƚŝŽŶϳϮ
ϯ͘Ϯ ŶƚŝďŽĚǇ ǀĂůŝĚĂƚŝŽŶ ŽĨ ŵĞŵďĞƌƐ ŽĨ ƚŚĞ ŶŽŶͲĐĂŶŽŶŝĐĂů ƉĂƚŚǁĂǇ ϳϮ
ϯ͘Ϯ͘ϭ sĂůŝĚĂƚŝŽŶ ŽĨ ĂŶƚŝͲE/< ĂŶƚŝďŽĚǇϳϮ
ϯ͘Ϯ͘Ϯ sĂůŝĚĂƚŝŽŶ ŽĨ ĂŶƚŝͲ/<<ɲ ĂŶƚŝďŽĚǇϳϯ
ϯ͘Ϯ͘ϯ sĂůŝĚĂƚŝŽŶ ŽĨ ĂŶƚŝͲZĞů ĂŶƚŝďŽĚǇϳϯ
ϯ͘ϯ ǆƉƌĞƐƐŝŽŶ ĂŶĚ ĐůŝŶŝĐĂů ŽƵƚĐŽŵĞ ŽĨ ŵĞŵďĞƌƐ ŽĨ ƚŚĞ ŶŽŶͲĐĂŶŽŶŝĐĂů ƉĂƚŚǁĂǇ ϳϯ
ϯ͘ϯ͘ϭ ^ƚƵĚǇ ŐƌŽƵƉϳϯ
ϯ͘ϯ͘Ϯ ǆƉƌĞƐƐŝŽŶ ŽĨ E/< ϳϰ
ϯ͘ϯ͘ϯ E/<͕ ĐůŝŶŝĐŽƉĂƚŚŽůŽŐŝĐĂů ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ĂŶĚ ƚŚĞ ƚƵŵŽƵƌ ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚϳϳ
ϯ͘ϯ͘ϰ E/< ĞǆƉƌĞƐƐŝŽŶ ĂŶĚ ƐƵƌǀŝǀĂů ϳϴ
ϯ͘ϯ͘ϱ ǆƉƌĞƐƐŝŽŶ ŽĨ /<<ɲϴϯ
ϯ͘ϯ͘ϲ /<<ɲ͕ ĐůŝŶŝĐŽƉĂƚŚŽůŽŐŝĐĂů ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ĂŶĚ ƚŚĞ ƚƵŵŽƵƌ ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚϴϲ
ϯ͘ϯ͘ϳ /<<ɲ ĞǆƉƌĞƐƐŝŽŶ ĂŶĚ ƐƵƌǀŝǀĂů ϵϰ
ϯ͘ϯ͘ϴ ǆƉƌĞƐƐŝŽŶ ŽĨ ZĞůϵϳ
ϯ͘ϯ͘ϵ ZĞů͕ ĐůŝŶŝĐŽƉĂƚŚŽůŽŐŝĐĂů ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ĂŶĚ ƚŚĞ ƚƵŵŽƵƌ ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚϵϴ
ϯ͘ϯ͘ϭϬ ZĞů ĞǆƉƌĞƐƐŝŽŶ ĂŶĚ ƐƵƌǀŝǀĂů ϵϵ
ϯ͘ϯ͘ϭϭ DƵůƚŝǀĂƌŝĂƚĞ ƐƵƌǀŝǀĂů ĂŶĂůǇƐŝƐ ϭϬϬ
ϯ͘ϰ ƐƐŽĐŝĂƚŝŽŶƐ ďĞƚǁĞĞŶ ŵĞŵďĞƌƐ ŽĨ ƚŚĞ ŶŽŶͲĐĂŶŽŶŝĐĂů E&Ͳʃ ƉĂƚŚǁĂǇϭϬϯ
ϯ͘ϰ͘ϭ ŽŵďŝŶĞĚ ĐǇƚŽƉůĂƐŵŝĐ ƉƌŽƚĞŝŶ ĞǆƉƌĞƐƐŝŽŶ ĂŶĚ ƐƵƌǀŝǀĂů ϭϬϰ
ϯ͘ϱ ŚĂƉƚĞƌ ĚŝƐĐƵƐƐŝŽŶ ϭϬϳ
ŚĂƉƚĞƌ ϰ͗ ǆƉƌĞƐƐŝŽŶ ŽĨ ŵĞŵďĞƌƐ ŽĨ ƚŚĞ ŶŽŶͲĐĂŶŽŶŝĐĂů E&Ͳʃ
ƉĂƚŚǁĂǇ ŝŶ ƐĐƌĞĞŶͲĚĞƚĞĐƚĞĚ dϭͬϮ ĐŽůŽƌĞĐƚĂů ĐĂŶĐĞƌ ƐƉĞĐŝŵĞŶƐϭϬϵ
ϰ͘ϭ /ŶƚƌŽĚƵĐƚŝŽŶϭϭϬ
ϰ͘Ϯ ŶƚŝďŽĚǇ ǀĂůŝĚĂƚŝŽŶϭϭϬ
ϰ͘ϯ ǆƉƌĞƐƐŝŽŶ ĂŶĚ ĐůŝŶŝĐĂů ŽƵƚĐŽŵĞ ŽĨ ŵĞŵďĞƌƐ ŽĨ ƚŚĞ ŶŽŶͲĐĂŶŽŶŝĐĂů ƉĂƚŚǁĂǇ ŝŶ ƐĐƌĞĞŶͲ
ĚĞƚĞĐƚĞĚ Z ϭϭϬ
ϰ͘ϯ͘ϭ ^ƚƵĚǇ ŐƌŽƵƉϭϭϬ
ϰ͘ϯ͘Ϯ ǆƉƌĞƐƐŝŽŶ ŽĨ E/< ϭϭϭ
ϰ͘ϯ͘ϯ E/<͕ ĐůŝŶŝĐŽƉĂƚŚŽůŽŐŝĐĂů ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ĂŶĚ ƚŚĞ ƚƵŵŽƵƌ ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚϭϭϭ

ϰ͘ϯ͘ϰ E/< ĞǆƉƌĞƐƐŝŽŶ ĂŶĚ ƐƵƌǀŝǀĂů ϭϭϮ
ϰ͘ϯ͘ϱ ǆƉƌĞƐƐŝŽŶ ŽĨ /<<ɲϭϭϯ
ϰ͘ϯ͘ϲ /<<ɲ͕ ĐůŝŶŝĐŽƉĂƚŚŽůŽŐŝĐĂů ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ĂŶĚ ƚŚĞ ƚƵŵŽƵƌ ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚϭϭϰ
ϰ͘ϯ͘ϳ /<<ɲ ĞǆƉƌĞƐƐŝŽŶ ĂŶĚ ƐƵƌǀŝǀĂů ϭϮϮ
ϰ͘ϯ͘ϴ ǆƉƌĞƐƐŝŽŶ ŽĨ ZĞůϭϮϮ
ϰ͘ϯ͘ϵ ZĞů͕ ĐůŝŶŝĐŽƉĂƚŚŽůŽŐŝĐĂů ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ĂŶĚ ƚŚĞ ƚƵŵŽƵƌ ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚϭϮϯ
ϰ͘ϯ͘ϭϬ ZĞů ĞǆƉƌĞƐƐŝŽŶ ĂŶĚ ƐƵƌǀŝǀĂů ϭϮϯ
ϰ͘ϰ ƐƐŽĐŝĂƚŝŽŶƐ ďĞƚǁĞĞŶ ŵĞŵďĞƌƐ ŽĨ ƚŚĞ ŶŽŶͲĐĂŶŽŶŝĐĂů E&Ͳʃ ƉĂƚŚǁĂǇϭϮϯ
ϰ͘ϰ͘ϭ ŽŵďŝŶĞĚ ĐǇƚŽƉůĂƐŵŝĐ ƉƌŽƚĞŝŶ ĞǆƉƌĞƐƐŝŽŶ ĂŶĚ ƐƵƌǀŝǀĂů ϭϮϰ
ϰ͘ϱ ŚĂƉƚĞƌ ĚŝƐĐƵƐƐŝŽŶ ϭϮϲ
ŚĂƉƚĞƌ ϱ͗ /ŶǀĞƐƚŝŐĂƚŝŽŶ ŽĨ /<<ɲ ĚŝƐƚƌŝďƵƚŝŽŶ ĂŶĚ ůŽĐĂůŝƐĂƚŝŽŶ ŝŶ
ĐŽůŽƌĞĐƚĂů ĐĂŶĐĞƌ ƐƉĞĐŝŵĞŶƐ ϭϮϳ
ϱ͘ϭ /ŶƚƌŽĚƵĐƚŝŽŶϭϮϴ
ϱ͘Ϯ /ŵŵƵŶŽŚŝƐƚŽĐŚĞŵŝĐĂů ĞǆƉƌĞƐƐŝŽŶ ŽĨ /<<ɲ ŝŶ ŽƚŚĞƌ ĐĂŶĐĞƌƐ ϭϯϬ
ϱ͘ϯ /ŶǀĞƐƚŝŐĂƚŝŽŶ ŽĨ /<<ɲ ƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ ƐŝƚĞƐ ϭϯϭ
ϱ͘ϰ /ŵŵƵŶŽĨůƵŽƌĞƐĐĞŶĐĞ ϭϯϮ
ϱ͘ϰ͘ϭ /<<ɲ ŝŵŵƵŶŽĨůƵŽƌĞƐĐĞŶĐĞϭϯϮ
ϱ͘ϰ͘Ϯ ƵĂů ŝŵŵƵŶŽĨůƵŽƌĞƐĐĞŶĐĞ ʹ /<<ɲ ĂŶĚ ŵĂƌŬĞƌƐ ŽĨ ĐĞůůƵůĂƌ ƚƌĂŶƐƉŽƌƚ ϭϯϰ
ϱ͘ϱ ŚĂƉƚĞƌ ĚŝƐĐƵƐƐŝŽŶ ϭϰϮ
ŚĂƉƚĞƌ ϲ͗ ǆƉƌĞƐƐŝŽŶ ŽĨ ƚŚĞ ŶŽŶͲĐĂŶŽŶŝĐĂů E&Ͳʃ ƉĂƚŚǁĂǇ ŝŶ
ĐŽůŽŶ ĐĂŶĐĞƌ ĐĞůů ůŝŶĞƐϭϰϯ
ϲ͘ϭ /ŶƚƌŽĚƵĐƚŝŽŶϭϰϰ
ϲ͘Ϯ ĐƚŝǀĂƚŝŽŶ ŽĨ ƚŚĞ ŶŽŶͲĐĂŶŽŶŝĐĂů E&Ͳʃ ƉĂƚŚǁĂǇ ŝŶ ĐŽůŽŶ ĐĂŶĐĞƌ ĐĞůů ůŝŶĞƐ ϭϰϰ
ϲ͘Ϯ͘ϭ ĐƚŝǀĂƚŝŽŶ ŽĨ ƚŚĞ ŶŽŶͲĐĂŶŽŶŝĐĂů E&Ͳʃ ƉĂƚŚǁĂǇ ŝŶ ,dͲϮϵ ĂŶĚ dϴϰ ĐĞůůƐϭϰϱ
ϲ͘ϯ WŚĂƌŵĂĐŽůŽŐŝĐĂů ŝŶŚŝďŝƚŽƌǇ ĞĨĨĞĐƚ ŽĨ ƐĞůĞĐƚŝǀĞ /<<ɲ ŝŶŚŝďŝƚŽƌ ;^hϭϰϯϯͿ ŽŶ ƚŚĞ ŶŽŶͲ
ĐĂŶŽŶŝĐĂů E&Ͳʃ ƉĂƚŚǁĂǇ ŝŶ ĐŽůŽŶ ĐĂŶĐĞƌ ĐĞůů ůŝŶĞƐϭϱϬ
ϲ͘ϯ͘ϭ dŚĞ ĞĨĨĞĐƚ ŽĨ ^hϭϰϯϯ ŽŶ ůǇŵƉŚŽƚŽǆŝŶ ĂϭɴϮͲ͕ dE&ɲͲ ĂŶĚ ZE<>ͲŝŶĚƵĐĞĚ ŶŽŶͲ
ĐĂŶŽŶŝĐĂů E&ͲŬ ƐŝŐŶĂůůŝŶŐ ŝŶ ,dͲϮϵ ĂŶĚ dϴϰ ĐŽůŽŶ ĐĂŶĐĞƌ ĐĞůůƐ ϭϱϬ
ϲ͘ϯ͘Ϯ dŚĞ ĞĨĨĞĐƚ ŽĨ ^hϭϰϯϯ ŽŶ ůǇŵƉŚŽƚŽǆŝŶ ĂϭɴϮ ŝŶĚƵĐĞĚ ŶŽŶͲĐĂŶŽŶŝĐĂů E&Ͳʃ ƉĂƚŚǁĂǇ ŝŶ
,dͲϮϵ ĐŽůŽŶ ĐĂŶĐĞƌ ĐĞůůƐϭϱϮ
ϲ͘ϰ ŚĂƉƚĞƌ ĚŝƐĐƵƐƐŝŽŶ ϭϱϲ




)LJXUH  $GHQRPDFDUFLQRPD VHTXHQFH LQ VSRUDGLF FKURPRVRPDO LQVWDELOLW\ &5&
)LJXUH  7KH FDQRQLFDO DQG QRQFDQRQLFDO 1)ț% SDWKZD\V 
)LJXUH  1)ț%GHSHQGHQW WDUJHW JHQHV 
)LJXUH  $VVHPEO\ RI VDQGZLFK IRU ZHVWHUQ EORW WUDQVIHU 
)LJXUH  9DOLGDWLRQ RI DQWL1,. DQWLERG\
)LJXUH  )ORZ GLDJUDP GHPRQVWUDWLQJ SDWLHQW H[FOXVLRQV 
)LJXUH  ([SUHVVLRQ RI 1,. 
)LJXUH  1,. H[SUHVVLRQ DQG VXUYLYDO 
)LJXUH  &\WRSODVPLF 1,. H[SUHVVLRQ VXUYLYDO DQG WXPRXU ORFDWLRQ LQ HOHFWLYH SDWLHQWV
)LJXUH  1,. H[SUHVVLRQ VXUYLYDO DQG 005 VWDWXV LQ HOHFWLYH SDWLHQWV 
)LJXUH  1,. H[SUHVVLRQ VXUYLYDO DQG %5$) VWDWXV LQ HOHFWLYH SDWLHQWV
)LJXUH  ([SUHVVLRQ RI ,..Į
)LJXUH  3XQFWDWH H[SUHVVLRQ RI ,..Į
)LJXUH  ,..Į H[SUHVVLRQ DQG VXUYLYDO 
)LJXUH  &\WRSODVPLF ,..Į H[SUHVVLRQ VXUYLYDO DQG 005 VWDWXV LQ HOHFWLYH SDWLHQWV 
)LJXUH  3XQFWDWH H[SUHVVLRQ RI ,..Į VXUYLYDO DQG 005 VWDWXV LQ HOHFWLYH SDWLHQWV 
)LJXUH  3XQFWDWH ,..Į H[SUHVVLRQ VXUYLYDO DQG %5$) VWDWXV LQ HOHFWLYH SDWLHQWV
)LJXUH  ([SUHVVLRQ RI 5HO%
)LJXUH  5HO% H[SUHVVLRQ DQG VXUYLYDO 
)LJXUH  $VVRFLDWLRQV EHWZHHQ PHPEHUV RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ 
)LJXUH  &RPELQHG F\WRSODVPLF QRQFDQRQLFDO SURWHLQV DQG VXUYLYDO 
)LJXUH  &RPELQHG F\WRSODVPLF QRQFDQRQLFDO SURWHLQV VXUYLYDO DQG WXPRXU ORFDWLRQ LQ
HOHFWLYH SDWLHQWV
)LJXUH  &RPELQHG F\WRSODVPLF QRQFDQRQLFDO SURWHLQV VXUYLYDO DQG 005%5$) VWDWXV
LQ HOHFWLYH SDWLHQWV
)LJXUH  ([SUHVVLRQ RI 1,. 
)LJXUH  1,. H[SUHVVLRQ DQG VXUYLYDO 
)LJXUH  ([SUHVVLRQ RI ,..Į
)LJXUH  ([SUHVVLRQ RI 5HO%
)LJXUH  $VVRFLDWLRQV EHWZHHQ PHPEHUV RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ 
)LJXUH  &RPELQHG F\WRSODVPLF SURWHLQV 1,. DQG ,..Į DQG VXUYLYDO
)LJXUH  9DOLGDWLRQ RI WKH DQWL,..Į DQWLERG\
)LJXUH  /RFDOLVDWLRQ RI ,..Į LQ WKH SHULQXFOHDU VSDFH 
)LJXUH  ,..Į LQ RWKHU VROLG FDQFHUV
)LJXUH  ,..Į SKRVSKRU\ODWLRQ VLWHV
)LJXUH  ,..Į LPPXQRIOXRUHVFHQFH 
)LJXUH  ,..Į H[SUHVVLRQ LQ QRUPDO FRORUHFWDO WLVVXH
)LJXUH  ,QWUDFHOOXODU WUDQVSRUW SDWKZD\V 
)LJXUH  ,..Į DQG 5DE GXDO IOXRUHVFHQFH
)LJXUH  ,..Į DQG 5DE GXDO IOXRUHVFHQFH
)LJXUH  ,..Į DQG *ROJL  GXDO IOXRUHVFHQFH 
)LJXUH  ,..Į DQG *ROJL  GXDO IOXRUHVFHQFH 
)LJXUH  ,..Į DQG *ROJL  GXDO IOXRUHVFHQFH 
)LJXUH  ,..Į DQG *ROJL  GXDO IOXRUHVFHQFH 
)LJXUH  ,..Į DQG *ROJL  GXDO IOXRUHVFHQFH ZLWK LVRW\SH FRQWURO 
)LJXUH  ([SUHVVLRQ RI ,..Į LQ +7 DQG 7 FRORQ FDQFHU FHOO OLQHV 
)LJXUH 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)LJXUH 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)LJXUH  7KH HIIHFW RI 68 RQ O\PSKRWR[LQ Dȕ 71)Į DQG 5$1./LQGXFHG QRQ
FDQRQLFDO 1)N% VLJQDOOLQJ LQ +7 DQG 7 FRORQ FDQFHU FHOOV

)LJXUH  7KH HIIHFW RI 68 RQ O\PSKRWR[LQ DȕLQGXFHG QRQFDQRQLFDO 1)N%
VLJQDOOLQJ LQ +7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)LJXUH 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7DEOH 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7DEOH  ,..Į H[SUHVVLRQ DVVRFLDWLRQV ZLWK FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG WKH
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
7DEOH 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7DEOH 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7DEOH  ,..Į DVVRFLDWLRQV ZLWK FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG WKH WXPRXU
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7DEOH 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$-&& $PHULFDQ MRLQW FRPPLWWHH RQ FDQFHU
$NW 3URWHLQ NLQDVH %
%5$) %5DI
%6$ %RYLQH VHUXP DOEXPLQ
&, &RQILGHQFH LQWHUYDO









(*)5 (SLGHUPDO JURZWK IDFWRU UHFHSWRU
(05 (QGRVFRSLF PXFRVDO UHVHFWLRQ
(07 (SLWKHOLDOPHVHQFK\PDO WUDQVLWLRQ
)$3 )DPLOLDO DGHQRPDWRXV SRO\SRVLV
)%6 )HWDO ERYLQH VHUXP
))3( )RUPDOLQIL[HG SDUDIILQHPEHGGHG
),7 )DHFDO LPPXQRFKHPLFDO WHVW
J)2%7 *XDLDF IDHFDO RFFXOW EORRG WHVW
*URĮ JURZWKUHJXODWHG DOSKD SURWHLQ
+'$& +LVWRQH GHDFHW\ODVHV

+(5 +XPDQ HSLGHUPDO JURZWK IDFWRU UHFHSWRU 
+,) +\SR[LD LQGXFLEOH IDFWRU
+5 +D]DUG UDWLR
+53 +RUVHUDGLVK SHUR[LGDVH
+89(& +XPDQ XPELOLFDO YHLQ HQGRWKHOLDO FHOO
,%' ,QIODPPDWRU\ ERZHO GLVHDVH
,&&& ,QWHUFODVV FRUUHODWLRQ FRHIILFLHQW
,+& ,PPXQRKLVWRFKHPLVWU\
,ț% ,QKLELWRU RI NDSSD %
,.. ,ț% NLQDVH
,..Į ,QKLELWRU RI QXFOHDU IDFWRU NDSSD% NLQDVH DOSKD
,..ȕ ,QKLELWRU RI QXFOHDU IDFWRU NDSSD% NLQDVH EHWD








0$3. 0LWRJHQDFWLYDWHG SURWHLQ NLQDVH
0&3 0RQRF\WH FKHPRDWWUDFWDQW 





05, 0DJQHWLF UHVRQDQFH LPDJLQJ
06, 0LFURVDWHOOLWH LQVWDELOLW\
066 0LFURVDWHOOLWH VWDEOH
P725 0DPPDOLDQ WDUJHW RI UDSDP\FLQ
1(02 1)NDSSD% HVVHQWLDO PRGXODWRU
1,%3 1,. DQG ,..ȕ ±ELQGLQJ SURWHLQ
1,. 1XFOHDU IDFWRU NDSSD% LQGXFLQJ NLQDVH
1/5 1HXWURSKLO O\PSKRF\WH UDWLR
1/6 1XFOHDU ORFDOLVDWLRQ VHTXHQFH
1)ț% 1XFOHDU IDFWRU NDSSD %
2/)0 2OIDFWRPHGLQ SURWHLQV
3KRVSKRS 3KRVSKRU\ODWLRQ RI S
3,. 3KRVSKRLQRVLWLGH NLQDVH
5+' 5HO KRPRORJ\ GRPDLQ
6'6 6RGLXP GRGHF\O VXOSKDWH
6'63$*( 6RGLXP GRGHF\O VXOSKDWH  SRO\DFU\ODPLGH JHO HOHFWURSKRUHVLV
6,*1 6FRWWLVK ,QWHUFROOHJLDWH *XLGHOLQHV 1HWZRUN
VL51$ 6PDOO LQWHUIHULQJ 51$
6057 6LOHQFLQJ PHGLDWRU IRU UHWLQRLG RU WK\URLGKRUPRQH UHFHSWRUV
67$7 6LJQDO WUDQVGXFWLRQ DFWLYDWRU RI WUDQVFULSWLRQ

67:6 6FRWW¶V WDS ZDWHU VXEVWLWXWH
7$' 7UDQVFULSWLRQDO DFWLYDWLRQ GRPDLQ
7$. 7UDQVIRUPLQJ JURZWK IDFWRUȕDFWLYDWHG NLQDVH 
7$06 7XPRXUDVVRFLDWHG PDFURSKDJHV
7%6 7ULV EXIIHUHG VDOLQH
7%67 7ULV EXIIHUHG VDOLQH ZLWK 7ZHHQ
7(06 7UDQVDQDO HQGRVFRSLF PLFURVXUJHU\
7/5 7ROOOLNH UHFHSWRU
70$ 7LVVXH PLFURDUUD\
71) 7XPRXU QHFURVLV IDFWRU
71)Į 7XPRXU QHFURVLV IDFWRU DOSKD
710 7XPRXU VL]H O\PSK QRGH LQYROYHPHQW PHWDVWDVLV
75$) 7XPRXU QHFURVLV IDFWRU UHFHSWRUDVVRFLDWHG IDFWRU
75$,/ 71)UHODWHG DSRSWRVLVLQGXFLQJ OLJDQG





 &RORUHFWDO FDQFHU HSLGHPLRORJ\ SDWKRORJ\ DQG
SURJQRVWLF IDFWRUV
 &RORUHFWDO FDQFHU LQFLGHQFH PRUWDOLW\ DQG VXUYLYDO
:RUOGZLGH WKHUH DUH  PLOOLRQ QHZ FDVHV RI FRORUHFWDO FDQFHU &5& SHU \HDU LW LV WKH
VHFRQG PRVW FRPPRQ FDQFHU LQ ZRPHQ DQG WKH WKLUG PRVW FRPPRQ LQ PHQ DFFRXQWLQJ IRU
 DQG  RI DOO FDQFHU FDVHV UHVSHFWLYHO\ 7KHUH LV ZLGH JHRJUDSKLFDO YDULDWLRQ LQ
LQFLGHQFH ZLWK KLJKHVW LQFLGHQFH UDWHV LQ $XVWUDOLD 1HZ =HDODQG (XURSH 1RUWK $PHULFD
0LFURQHVLD DQG (DVWHUQ $VLD DQG PXFK ORZHU LQFLGHQFH UDWHV LQ FRXQWULHV VXFK DV .RUHD
DQG 6ORYDNLD  &5& LV WKH IRXUWK PRVW FRPPRQ FDQFHU LQ WKH 8QLWHG .LQJGRP 8.
 DQG WKH WKLUG PRVW FRPPRQ LQ PDOHV DQG IHPDOHV VHSDUDWHO\ ,Q WKH 8. WKHUH DUH
RYHU  QHZ FDVHV RI &5& HDFK \HDU &5& LV PRUH FRPPRQ LQ PHQ  WKDQ
ZRPHQ  DQG LQFLGHQFH UDWHV LQFUHDVH IURP WKH DJH RI  ZLWK KLJKHVW UDWHV LQ WKRVH
DJHG  IRU ERWK VH[HV  ,QFLGHQFH UDWHV IRU &5& DUH SURMHFWHG WR IDOO E\  LQ WKH
8. EHWZHHQ  DQG  7KH ERZHO VFUHHQLQJ SURJUDPPH ZDV LQWURGXFHG LQ (QJODQG
LQ  DQG WKHUHDIWHU UROOHG RXW LQ D VWDJHG SURFHVV DFURVV WKH 8. 3DWLHQWV EHWZHHQ WKH
DJHV RI  LQ 6FRWODQG (QJODQG DQG :DOHV DUH LQYLWHG WR D WZR\HDUO\ VFUHHQLQJ
SURFHVV 7KH VFUHHQLQJ WRRO LQ WKH 8. LV D IDHFDO LPPXQRFKHPLFDO WHVW DOVR NQRZQ DV D
),7 WHVW 7KH DLP RI WKH &5& VFUHHQLQJ SURJUDPPH LV WR GHWHFW HDUO\ DV\PSWRPDWLF &5&
DQG SUHPDOLJQDQW SRO\SV WKDW KDYH WKH SRWHQWLDO WR XQGHUJR LQYDVLYH WUDQVIRUPDWLRQ
6LQFH WKH V &5& PRUWDOLW\ UDWHV KDYH GHFUHDVHG E\  LQ WKH 8. DQG DW SUHVHQW LV
WKH VHFRQG PRVW FRPPRQ FDXVH RI FDQFHU GHDWK DFFRXQWLQJ IRU  RI DOO FDQFHU GHDWKV LQ
ERWK VH[HV (XURSHDQ DJHVWDQGDUGLVHG PRUWDOLW\ UDWHV DUH VLJQLILFDQWO\ KLJKHU LQ 6FRWODQG
DQG :DOHV FRPSDUHG WR (QJODQG DQG 1RUWKHUQ ,UHODQG ,Q (QJODQG WKH DJHVWDQGDUGLVHG
PRUWDOLW\ UDWH LV  FDVHV SHU  DQG  FDVHV SHU  SRSXODWLRQ LQ 6FRWODQG
0RUWDOLW\ LV DOVR LQIOXHQFHG E\ GHSULYDWLRQ ZLWK  KLJKHU PRUWDOLW\ UDWHV IRU PDOHV DQG
 KLJKHU PRUWDOLW\ IRU IHPDOHV LQ PRVW GHSULYHG DUHDV ZKHQ FRPSDUHG WR OHDVW GHSULYHG
&DQFHU 5HVHDUFK 8. &58. UHSRUW PRUWDOLW\ UDWHV IURP &5& DUH SURMHFWHG WR IDOO E\
 EHWZHHQ  DQG  ZLWK WKH ODUJHVW GHFUHDVH IRU PDOHV  7KH WUHQGV LQ
PRUWDOLW\ DUH RIWHQ DWWULEXWHG WR VFUHHQLQJ KRZHYHU :HOFK HW DO SRLQW RXW WKDW QR FOLQLFDO
WULDOV RI &5& VFUHHQLQJ GHPRQVWUDWH  UHGXFWLRQ LQ PRUWDOLW\ DQG JLYHQ WKH ORZ XSWDNH
RI VFUHHQLQJ DQG LQGROHQW QDWXUH RI &5& GHYHORSPHQW VXFK UHGXFWLRQ LQ PRUWDOLW\ LV YHU\
OLNHO\ WKH UHVXOW RI VXUJLFDO DQG FKHPRWKHUDSHXWLF DGYDQFHV LH FHQWUDOLVDWLRQ RI VHUYLFHV

LPSURYHG VXUJLFDO WHFKQLTXH VWDQGDUGLVDWLRQ RI SUHRSHUDWLYH DQG SRVWRSHUDWLYH FDUH DQG
DGGLWLRQ RI DGMXYDQW FKHPRWKHUDS\ 
6XUYLYDO IRU &5& LV VWURQJO\ UHODWHG WR WKH VWDJH RI GLVHDVH DW GLDJQRVLV ,Q (QJODQG DQG
:DOHV  RI SDWLHQWV ZLOO VXUYLYH ILYH \HDUV RU ORQJHU  :KHQ VWUDWLILHG E\
GLVHDVH VWDJH SDWLHQWV ZLWK VWDJH , GLVHDVH KDYH D \HDU VXUYLYDO RI  WKLV GURSV WR 
LQ SDWLHQWV GLDJQRVHG ZLWK VWDJH ,9 GLVHDVH 
 &RORUHFWDO FDQFHU DHWLRORJ\
0RVW FDVHV RI &5& DUH VSRUDGLF  7KH UHPDLQLQJ FDVHV DUH KHUHGLWDU\ DSSUR[LPDWHO\
  RI WKHVH DUH DVVRFLDWHG ZLWK D KLJKO\ SHQHWUDQW LQKHULWHG PXWDWLRQ 7KH DHWLRORJLHV RI
WKH UHPDLQLQJ LQKHULWHG &5&V DUH XQFOHDU EXW WKRXJKW WR EH WKH UHVXOW RI VLQJOH OHVV
SHQHWUDQW JHQHV 
7KHUH DUH HQYLURQPHQWDO DQG KRVW IDFWRUV DVVRFLDWHG ZLWK DQ LQFUHDVHG ULVN RI GHYHORSLQJ
&5& 6RPH RI WKHVH DUH PRGLILDEOH DQG RWKHUV DUH QRQPRGLILDEOH ULVN IDFWRUV
 (QYLURQPHQWDO IDFWRUV
7KHUH LV D FOHDU UROH IRU HQYLURQPHQWDO IDFWRUV LQ WKH GHYHORSPHQW RI &5& 6SHFLILFDOO\
SRRU GLHWV DQG VHGHQWDU\ OLIHVW\OHV DUH UHDVRQV ZK\ &5& LV FRQVLGHUHG D GLVHDVH RI ZHVWHUQ
VRFLHW\  7KLV LV HYLGHQFHG E\ VWXGLHV WKDW KDYH VKRZQ WKDW ZHVWZDUG PLJUDWLRQ LV
DVVRFLDWHG ZLWK D KLJKHU ULVN RI &5& VLPLODU WR WKDW IRXQG LQ WKH KRVW FRXQWU\  :LWK
UHVSHFW WR GLHW KLJK FRQVXPSWLRQ RI IDW  DOFRKRO  DQG UHGSURFHVVHG PHDW  DQG ORZ
FRQVXPSWLRQ RI ILEUH  KDYH EHHQ DVVRFLDWHG ZLWK DQ LQFUHDVHG ULVN RI &5&
,Q WKH 8.  RI &5& FDVHV KDYH EHHQ DWWULEXWHG WR EHLQJ RYHUZHLJKW RU REHVH  $Q
LQYHUVH DVVRFLDWLRQ EHWZHHQ SK\VLFDO DFWLYLW\ DQG ULVN RI &5& LV ZHOOHVWDEOLVKHG 
8QVXUSULVLQJO\ ORQJWHUP FLJDUHWWH VPRNLQJ LV DVVRFLDWHG ZLWK LQFUHDVHG ULVN RI &5& LQ
ERWK VH[HV ZLWK HYLGHQFH WKDW HDUO\ VPRNLQJ FHVVDWLRQ FDQ UHGXFHG WKLV ULVN  7KHUH LV
DOVR HYLGHQFH IURP QRQUDQGRPLVHG VWXGLHV WKDW VXJJHVW UHJXODU SK\VLFDO DFWLYLW\ GLHW
OLPLWHG LQ UHILQHG FDUERK\GUDWHV DQG UHGSURFHVVHG PHDWV DQG VPRNLQJ FHVVDWLRQ DUH
LPSRUWDQW LQ UHGXFLQJ ULVN RI UHFXUUHQFH DQG PRUWDOLW\ LQ SDWLHQWV WUHDWHG IRU &5& 

 +RVW IDFWRUV
&5& ULVN LV VWURQJO\ UHODWHG WR DJH DQG LQ WKH 8.  RI FDVHV DUH GLDJQRVHG LQ WKRVH RYHU
WKH DJH RI  ZLWK D SHDN LQFLGHQFH LQ WKRVH DJHG  
3DWLHQWV ZLWK LQIODPPDWRU\ ERZHO GLVHDVH ,%' VXFK DV XOFHUDWLYH FROLWLV RU &URKQ¶V
GLVHDVH DUH DW LQFUHDVHG ULVN RI GHYHORSLQJ &5& ,W LV ZHOO UHFRJQLVHG WKDW H[WHQW RI GLVHDVH
DQG GXUDWLRQ DUH LPSRUWDQW ULVN IDFWRUV <HDUV RI FKURQLF FRORQLF LQIODPPDWLRQ DQG
VXEVHTXHQW DOWHUDWLRQV WR JHQHWLF DQG HSLJHQHWLF VWDELOLW\ R[LGDWLYH VWUHVV DQG FKDQJHV LQ
WKH PLFURELRPH DUH DOO IDFWRUV FRQVLGHUHG WR EH LPSRUWDQW LQ WKH SDWKRJHQHVLV RI &5& LQ
WKH FRQWH[W RI LQIODPPDWRU\ ERZHO GLVHDVH  $ PHWDDQDO\VLV RI SDWLHQWV ZLWK XOFHUDWLYH
FROLWLV UHSRUWHG WKH ULVN RI &5& LV  DIWHU  \HDUV GLVHDVH GXUDWLRQ DQG  DIWHU 
\HDUV 
3DWLHQWV ZLWK FDUGLRYDVFXODU GLVHDVH DOVR KDYH LQFUHDVHG ULVN RI FRORUHFWDO QHRSODVLD 2QH
VWXG\ UHSRUWHG WKDW LQ SDWLHQWV XQGHUJRLQJ FRURQDU\ DQJLRJUDSK\ IRU VXVSHFWHG FRURQDU\
DUWHU\ GLVHDVH WKH SUHYDOHQFH RI FRORUHFWDO QHRSODVLD LQFOXGLQJ FDQFHU ZDV VLJQLILFDQWO\
KLJKHU LQ WKRVH SDWLHQWV ZLWK FRURQDU\ DUWHU\ GLVHDVH 
 +HUHGLWDU\ FRORUHFWDO FDQFHU
)DPLOLDO DGHQRPDWRXV SRO\SRVLV
$V GLVFXVVHG  RI DOO &5& FDVHV DUH DVVRFLDWHG ZLWK D KLJKO\ SHQHWUDQW LQKHULWHG
V\QGURPH  /HVV WKDQ  RI &5& FDVHV DUH WKH UHVXOW RI IDPLOLDO DGHQRPDWRXV SRO\SRVLV
)$3  7KLV FRQGLWLRQ LV DVVRFLDWHG ZLWK D JHUPOLQH PXWDWLRQ RI WKH $3& JHQH ZKLFK
LV LQKHULWHG LQ DQ DXWRVRPDO GRPLQDQW SDWWHUQ 3HQHWUDQFH RI WKH PXWDWLRQ FDQ YDU\
KRZHYHU WKH FODVVLFDO IRUP RI WKH FRQGLWLRQ LV DVVRFLDWHG ZLWK  SHQHWUDQFH 
ZKLFK UHVXOWV LQ KXQGUHGV WR WKRXVDQGV RI DGHQRPDWRXV SRO\SV IRUPLQJ ZLWKLQ WKH FRORQ
ZLWK D FHUWDLQ ULVN RI GHYHORSLQJ LQYDVLYH FDQFHU E\ WKH DJH RI  \HDUV LI WKH\ GR QRW
XQGHUJR D SURSK\ODFWLF FROHFWRP\ 7KHUH DUH YDULDQWV RI )$3 ZKLFK LQFOXGH DWWHQXDWHG
)$3 *DUGQHU V\QGURPH DQG 7XUFRW V\QGURPH DOO ZLWK D YDULDWLRQ RI $3& PXWDWLRQ 
+HUHGLWDU\ 1RQSRO\SRVLV &RORUHFWDO &DQFHU
+HUHGLWDU\ 1RQSRO\SRVLV &RORUHFWDO &DQFHU +13&& RU /\QFK V\QGURPH LV WKH PRVW
FRPPRQ IRUP RI KHUHGLWDU\ FDQFHU DFFRXQWLQJ IRU  RI DOO &5&V ,W LV RIWHQ GLDJQRVHG

LQ WKH IRXUWK GHFDGH RI OLIH LV DVVRFLDWHG ZLWK ULJKWVLGHG WXPRXU ORFDWLRQ V\QFKURQRXV
DQG PHWDFKURQRXV &5& DV ZHOO DV H[WUDFRORQLF PDOLJQDQFLHV  +13&& UHVXOWV IURP D
JHUPOLQH PXWDWLRQ LQ DQ\ RI WKH PLVPDWFKUHSDLU JHQHV DQG WKHUHIRUH KLJK PLFURVDWHOOLWH
LQVWDELOLW\ LV D KDOOPDUN LQ +13&&  3HQHWUDWLRQ YDULHV DFFRUGLQJ WR WKH XQGHUO\LQJ
PXWDWLRQ LH PXWDWLRQV LQ 0/+ 0/+ 06+ 306 RU 306 JHQHV 
 +RVW LQIODPPDWLRQ WXPRXU PLFURHQYLURQPHQW DQG FRORUHFWDO
FDQFHU SURJQRVLV
,W LV ZHOO UHFRJQLVHG WKDW WXPRXU SURJUHVVLRQ LV QRW D FHOODXWRQRPRXV SURFHVV DQG LPPXQH
IDFWRUV UHODWLQJ WR WKH KRVW DQG WKH WXPRXU LWVHOI DUH LPSRUWDQW LQ WKH SURJQRVLV RI SDWLHQWV
ZLWK &5& 7KH KRVW UHVSRQVH WR D WXPRXU LV HYLGHQFHG E\ WKDW ZKLFK FRQVWLWXWHV LWV
PLFURHQYLURQPHQW WXPRXULQILOWUDWLQJ FHOOV H[WUDFHOOXODU PDWUL[ YDVFXODWXUH DQG WKH
SUHVHQFH RI LPPXQH FHOOV ZLWK WXPRXUSURPRWLQJ DQG WXPRXULQKLELWLQJ SURSHUWLHV 7KLV
WXPRXU PLFURHQYLURQPHQW LV PDLQWDLQHG E\ D FRPSOH[ FURVVWDON EHWZHHQ WXPRXU FHOOV
WXPRXU DQG KRVW GHULYHG F\WRNLQHV DQG LPPXQH FHOOV $V VXFK WXPRXU SURJUHVVLRQ FDQ EH
FRQVLGHUHG DQ LPEDODQFH EHWZHHQ WXPRXU LQYDVLYHQHVV DQG WKH KRVW LPPXQH UHVSRQVH 
 &DQFHU DVVRFLDWHG LQIODPPDWLRQ
7XPRXU SURPRWLQJ LQIODPPDWLRQ DQG HYDVLRQ RI LPPXQH GHVWUXFWLRQ DUH ERWK GHVFULEHG LQ
+DQDKDQ DQG :HLQEHUJ¶V PRUH UHFHQW UHYLHZ RQ WKH KDOOPDUNV RI FDQFHU  7KH ILUVW
HYLGHQFH OLQNLQJ LQIODPPDWLRQ DQG &5& ZDV LQ WKH FRQWH[W RI FKURQLF LQIODPPDWLRQ DQG
,%'DVVRFLDWHG &5& 6XVWDLQHG DFWLYDWLRQ RI 1)ț% SDWKZD\ LQ WKH WXPRXU ORFDOH
UHSUHVHQWV RQH PHFKDQLVP ZKHUHE\ WXPRXUV FDQ LQDFWLYDWH LPPXQH FHOOV WKXV FUHDWLQJ D
SURWXPRXU HQYLURQPHQW DQG HVFDSH IURP WKH KRVW LPPXQH V\VWHP  1)ț% LV D NH\
UHJXODWRU RI LQIODPPDWLRQ DQG LV DFWLYH LQ ERWK FDQFHU FHOOV DQG WXPRXUDVVRFLDWHG
LQIODPPDWRU\ FHOOV 
 /RFDO LQIODPPDWRU\ UHVSRQVH LQ FRORUHFWDO FDQFHU
$ QXPEHU RI VWXGLHV KDYH GHPRQVWUDWHG WKH SUHVHQFH RI DQ DGDSWLYH KRVW LPPXQH UHVSRQVH
HYLGHQFHG E\ WKH SUHVHQFH RI WXPRXU LQILOWUDWLQJ O\PSKRF\WHV 7,/V LV DVVRFLDWHG ZLWK
LPSURYHG VXUYLYDO RXWFRPHV LQGHSHQGHQW RI 710 WXPRXU QRGH PHWDVWDVLV VWDJH 
DQG PLFURVDWHOOLWH LQVWDELOLW\ VWDWXV  VXJJHVWLQJ WKHUH DUH YDULDWLRQV LQ LPPXQH
FRQWH[WXUH HYHQ LQ JURXSV WKDW DUH FRQVLGHUHG DV KRPRJHQRXV 6HYHUDO PHWKRGV WKDW DLP WR
TXDQWLI\ WKH ORFDO LQIODPPDWRU\ UHVSRQVH KDYH EHHQ SURSRVHG )RU H[DPSOH WKH .OLQWUXS

0lNLQHQ .0 JUDGH  LV D VHPLTXDQWLWDWLYH VFRUH ZKLFK FDQ EH XVHG WR DVVHVV
JHQHUDOLVHG LQIODPPDWRU\ FHOO LQILOWUDWH DW WKH LQYDVLYH PDUJLQ RI &5& +LJK .0 JUDGH LV
LQGHSHQGHQWO\ DVVRFLDWHG ZLWK IDYRXUDEOH VXUYLYDO RXWFRPHV LQ SDWLHQWV ZLWK SULPDU\
RSHUDEOH &5&  2WKHUV KDYH JRQH IXUWKHU WR DQDO\VH WKH VXESRSXODWLRQV RI DGDSWLYH
LPPXQH FHOOV ZLWKLQ WKH WXPRXU PLFURHQYLURQPHQW 7KH ,PPXQRVFRUH SURSRVHG E\
*DORQ  DLPV WR TXDQWLI\ O\PSKRF\WH SRSXODWLRQV DQG KDV EHHQ VKRZQ WR KDYH
SURJQRVWLF YDOXH LQ &5& WKLV LV QRZ XQGHU WKH VFUXWLQ\ RI DQ LQWHUQDWLRQDO YDOLGDWLRQ VWXG\

 6\VWHPLF LQIODPPDWRU\ UHVSRQVH LQ FRORUHFWDO FDQFHU
7KHUH LV VXEVWDQWLDO HYLGHQFH ZKLFK LQGLFDWHV WKH V\VWHPLF LQIODPPDWRU\ UHVSRQVH LV XVHIXO
LQ SUHGLFWLQJ RXWFRPHV LQ SDWLHQWV ZLWK RSHUDEOH FDQFHUV  ,Q &5& LQIODPPDWLRQEDVHG
SURJQRVWLF VFRUHV EDVHG RQ FOLQLFDO ODERUDWRU\ PHDVXUHV RI GLIIHUHQWLDO ZKLWH FHOOV DQG
DFXWH SKDVH SURWHLQV WKDW HYDOXDWH WKH V\VWHPLF LQIODPPDWRU\ UHVSRQVH KDYH \LHOGHG
SURJQRVWLF YDOXH LQGHSHQGHQW RI WKH ZLGHO\ XVHG 710 VWDJLQJ V\VWHP  6SHFLILFDOO\
VFRUHV VXFK DV PRGLILHG *ODVJRZ 3URJQRVWLF 6FRUH P*36 DQG QHXWURSKLO O\PSKRF\WH
UDWLR 1/5 KDYH EHHQ FRQVLVWHQWO\ UHSRUWHG WR KDYH SURJQRVWLF YDOXH LQ &5& ±
 &RORUHFWDO FDQFHU SDWKRJHQHVLV
&5& LV QRZ ZHOO UHFRJQLVHG DV D KHWHURJHQHRXV GLVHDVH DULVLQJ DV D UHVXOW RI JHQHWLF DQG
PROHFXODU DOWHUDWLRQV 7KHUH DUH WKUHH SDWKZD\V ZKLFK UHVXOW LQ JHQHWLF LQVWDELOLW\
LPSOLFDWHG LQ FRORUHFWDO FDUFLQRJHQHVLV 9RJHOVWHLQ SURSRVHG WKH FKURPRVRPDO LQVWDELOLW\
SDWKZD\ WKDW DFFRXQWV IRU  RI &5& 7KH UHPDLQLQJ SURSRUWLRQ RI &5& DULVHV DV D
UHVXOW RI WKH PLFURVDWHOOLWH LQVWDELOLW\ 06, DQG &S* LVODQG PHWK\ODWLRQ &,03 SDWKZD\V
 &KURPRVRPDO LQVWDELOLW\ SDWKZD\
7KH PDMRULW\ RI &5&V ZKHWKHU VSRUDGLF RU LQKHULWHG DULVH DV D UHVXOW RI WUDQVIRUPDWLRQ RI
DGHQRPDWRXV SRO\SV WKURXJK WKH DGHQRPDFDUFLQRPD VHTXHQFH 6HTXHQWLDO JHQHWLF
PXWDWLRQV DIIHFWLQJ RQFRJHQHV DQG WXPRXU VXSSUHVVRU JHQHV DFFRPSDQ\ WKH SDWKRORJLFDO
WUDQVIRUPDWLRQ RI QRUPDO FRORQLF PXFRVD WR G\VSODVWLF DGHQRPD DQG ILQDOO\ WR LQYDVLYH
FDUFLQRPD  7KLV PRGHO SURSRVHG WKDW WKH WRWDO DFFXPXODWLRQ RI JHQHWLF FKDQJHV UDWKHU
WKDQ WKH RUGHU LQ ZKLFK WKH\ RFFXUUHG ZDV UHVSRQVLEOH IRU WKH GHYHORSPHQW RI LQYDVLYH
FDUFLQRPD  6XFK FKDQJHV LQFOXGH ORVV RI WXPRXU VXSSUHVVRU $3& DQG VXEVHTXHQW

DFFXPXODWLRQ RI ȕFDWHQLQ .5$6 PXWDWLRQ ORVV RI FKURPRVRPH T DQG ILQDOO\ ORVV RI
WXPRXU VXSSUHVVRU S 
)LJXUH  $GHQRPDFDUFLQRPD VHTXHQFH LQ VSRUDGLF FKURPRVRPDO LQVWDELOLW\ &5&
GHPRQVWUDWLQJ NH\ PXWDWLRQDO HYHQWV WKDW RFFXU GXULQJ WKH WUDQVLWLRQ IURP QRQLQYDVLYH
OHVLRQ WR LQYDVLYH FDQFHU $GDSWHG IURP :DOWKHU -RKQVWRQH HW DO 
 0LFURVDWHOOLWH LQVWDELOLW\ SDWKZD\
 RI &5&V DULVH YLD WKH 06, SDWKZD\ ZKLFK LV FKDUDFWHULVHG E\ PXWDWLRQDO
LQDFWLYDWLRQ RI PLVPDWFK UHSDLU JHQHV UHVSRQVLEOH IRU FRUUHFWLQJ HUURUV LQ '1$ UHSOLFDWLRQ
0/+ 06+ 06+ DQG 306 $SSUR[LPDWHO\  RI VSRUDGLF &5&V DUH
PLFURVDWHOOLWH XQVWDEOH DQG DULVH DV D UHVXOW RI HSLJHQHWLF VLOHQFLQJ RI 0/+ :KLOVW WKH
PDMRULW\ RI 06, &5&V DULVH DV D UHVXOW RI VRPDWLF LQDFWLYDWLRQ RI WKLV PLVPDWFK UHSDLU
V\VWHP  RI SDWLHQWV ZLWK 06, DUH WKH UHVXOW RI JHUPOLQH PXWDWLRQV UHVXOWLQJ LQ +13&&
RU /\QFK V\QGURPH 0/+ DQG 0/+ EHLQJ WKH PRVW FRPPRQO\ DIIHFWHG JHQHV 
&DQFHUV DULVLQJ WKURXJK WKH 06, SDWKZD\ KDYH GLVWLQFW SKHQRW\SLF IHDWXUHV WKH\ DUH RIWHQ
ULJKWVLGHG ZLWK SRRU RU PXFLQRXV GLIIHUHQWLDWLRQ D WXPRXU PLFURHQYLURQPHQW GHQVH LQ
O\PSKRF\WHV DQG DUH DVVRFLDWHG ZLWK VXSHULRU VXUYLYDO RXWFRPHV ± 06, VWDWXV LV
GHWHUPLQHG E\ JHQHWLF VHTXHQFLQJ KRZHYHU LPPXQRKLVWRFKHPLFDO GHWHFWLRQ RI PLVPDWFK
UHSDLU PDUNHUV DUH VHQVLWLYH DQG VSHFLILF IRU PLFURVDWHOOLWH LQVWDELOLW\ 
 &S* LVODQG PHWK\ODWLRQ
'1$ PHWK\ODWLRQ LV D ZLGHO\ VWXGLHG HSLJHQHWLF PDUNHU  0DQ\ JHQHV FRQWDLQ F\WRVLQH
DQG TXLQLQHULFK UHJLRQV RU &S* LVODQGV +\SHUPHWK\ODWLRQ RI WKHVH UHJLRQV UHVXOWV LQ
UHSUHVVLRQ RI WXPRXU VXSSUHVVRU JHQHV 2QH VXFK H[DPSOH LV LQDFWLYDWLRQ RI PLVPDWFK
UHSDLU JHQH 0/+ E\ SURPRWHU PHWK\ODWLRQ UHVXOWLQJ LQ 06, 7KHUH LV FRQVLGHUDEOH

RYHUODS EHWZHHQ 06, &,03 DQG %5$) LQ VSRUDGLF &5&  &,03 SRVLWLYLW\ LV
PRUH IUHTXHQWO\ REVHUYHG LQ WKH SUR[LPDO FRORQ LQGHSHQGHQW RI 06, VWDWXV 
 3DWKRORJLFDO WXPRXU DVVHVVPHQW
3DWKRORJLFDO DVVHVVPHQW RI WKH UHVHFWHG VXUJLFDO VSHFLPHQ SURYLGHV LQIRUPDWLRQ WKDW
GHWHUPLQHV ZKLFK SDWLHQWV UHTXLUH DGMXYDQW WKHUDS\ DQG XOWLPDWHO\ SURJQRVLV $QDO\VLV RI
WKH UHVHFWHG VXUJLFDO VSHFLPHQ SURYLGHV WKH IROORZLQJ LQIRUPDWLRQ WXPRXU DQG QRGDO VWDJH
KLVWRORJLFDO VXEW\SH WXPRXU GLIIHUHQWLDWLRQ YDVFXODU LQYDVLRQ SHULQHXUDO LQYDVLRQ WXPRXU
SHUIRUDWLRQ DQG LQYROYHPHQW RI VXUJLFDO UHVHFWLRQ PDUJLQV 7KH $PHULFDQ -RLQW &RPPLWWHH
RQ &DQFHU $-&& 710 FODVVLILFDWLRQ LV ZLGHO\ XVHG WR VWDJH &5& 7KH 7 VWDJH LV GHILQHG
E\ WKH LQYDVLYHQHVV RI WKH WXPRXU LH H[WHQW RI VSUHDG WKURXJK WKH ERZHO ZDOO 7KH 1 VWDJH
LV GHILQHG E\ WKH QXPEHU RI O\PSK QRGHV ZLWK PHWDVWDVLV 7KH 0 VWDJH GLVWDQW PHWDVWDVLV
LV GHWHUPLQHG E\ UDGLRORJLFDO FURVVVHFWLRQDO LPDJLQJ LH FRPSXWHG WRPRJUDSK\ &7 VFDQ
 &RQVHQVXV 0ROHFXODU VXEW\SHV
&5& LV D KHWHURJHQHRXV GLVHDVH 7KLV LV UHIOHFWHG LQ KRZ LW SUHVHQWV YDULDWLRQ LQ PROHFXODU
FKDUDFWHULVWLFV UHVSRQVH WR WUHDWPHQW DQG XOWLPDWHO\ SDWLHQW VXUYLYDO ,Q  DQ
LQWHUQDWLRQDO FRQVRUWLXP SURSRVHG IRXU FRQVHQVXV PROHFXODU VXEW\SHV RI &5& ZLWK
GLVWLQJXLVKLQJ JHQRPLF IHDWXUHV  7KH JHQHV RU SDWKZD\V DFWLYH DUH XQLTXH WR HDFK
VXEW\SH :KLOVW WKHVH VXEW\SHV DUH QRW LQGHSHQGHQWO\ SURJQRVWLF FXUUHQWO\ KDYH QR
SUHGLFWLYH YDOXH QRU DUH WKH\ UHDGLO\ WUDQVODWHG LQWR URXWLQH FOLQLFDO SUDFWLFH WKH\ SURYLGH D
EDFNERQH IRU UHVHDUFK LQWR &5& 7KH FRQVHQVXV PROHFXODU VXEW\SHV DUH EHLQJ H[SORUHG LQ
FOLQLFDO WULDOV DV SURJQRVWLF RU SUHGLFWLYH PDUNHUV 0RUH UHFHQWO\ D SKHQRW\SLF VXEW\SLQJ
PHWKRG RI &5& EDVHG RQ LPPXQH LQILOWUDWH VWURPDO LQYDVLRQ DQG SUROLIHUDWLRQ UDWH KDV
EHHQ SURSRVHG ZLWK WKH VSHFLILF DLP WR PDNH WKH FRQVHQVXV PROHFXODU VXEW\SHV PRUH
WUDQVODWDEOH LQWR FOLQLFDO SUDFWLFH 

 7UHDWPHQW RI FRORUHFWDO FDQFHU
 6XUJHU\
&XUUHQWO\ LI D SDWLHQW GRHV QRW KDYH ZLGHVSUHDG PHWDVWDWLF GLVHDVH VXUJLFDO UHVHFWLRQ LV WKH
SULPDU\ WUHDWPHQW RSWLRQ IRU &5& 7KH SULQFLSOHV RI VXUJLFDO PDQDJHPHQW RI FRORQ DQG
UHFWDO FDQFHU DUH YHU\ VLPLODU WKDW LV UHPRYDO RI WKH DIIHFWHG OHQJWK RI ERZHO ZLWK LWV
YDVFXODU SHGLFOH DQG DFFRPSDQ\LQJ O\PSKDWLFV ZLWK PLQLPXP FP PDUJLQ RI QRUPDO
ERZHO HLWKHU VLGH RI WKH WXPRXU HQ EORF UHVHFWLRQ RI DQ\ VWUXFWXUHV DWWDFKHG WR WKH WXPRXU
D PLQLPXP RI  O\PSK QRGHV H[DPLQHG WR GHFODUH QRGH QHJDWLYH GLVHDVH DQG D WHQVLRQ
IUHH DQDVWRPRVLV  )RU UHFWDO FDQFHU WKHUH LV JRRG HYLGHQFH WKDW SHUIRUPLQJ WRWDO
PHVRUHFWDO H[FLVLRQ 70( ZLWK FOHDU FLUFXPIHUHQWLDO UHVHFWLRQ PDUJLQV UHGXFHV WKH ULVN RI
ORFDO UHFXUUHQFH GLVWDQW PHWDVWDVHV DQG LPSURYHV VXUYLYDO DIWHU UHFWDO FDQFHU VXUJHU\ ±

 3RO\SHFWRP\ DQG 7(06
7KH PDMRULW\ RI SDWLHQWV XQGHUJRLQJ LQYHVWLJDWLRQV IRU &5& ZLOO XQGHUJR FRORQRVFRS\ DW
VRPH VWDJH 3RO\SHFWRP\ RU HQGRVFRSLF PXFRVDO UHVHFWLRQ (05 LV WKH UHPRYDO RI DQ
DEQRUPDO DUHD RI WLVVXH DQG FDQ EH FDUULHG RXW DW WKH WLPH RI FRORQRVFRS\ 7KH DLP LV WR
UHPRYH SUHPDOLJQDQW OHVLRQV LQ RUGHU WR SUHYHQW WKHP GHYHORSLQJ LQWR FDQFHUV
7UDQVDQDO HQGRVFRSLF PLFURVXUJHU\ 7(06 XWLOLVHV D PLFURVFRSH DQG LQVWUXPHQWV
GHVLJQHG WR SHUIRUP VXUJHU\ WKURXJK WKH DQXV LQVLGH WKH UHFWXP 7KLV W\SH RI VXUJHU\ FDQ
EH XVHG WR UHPRYH SRO\SV DQG HDUO\ FDQFHUV IURP WKH UHFWXP DYRLGLQJ PDMRU VXUJHU\ DV
GHVFULEHG LQ VHFWLRQ 
 &KHPRWKHUDS\
7KH DLP RI V\VWHPLF FKHPRWKHUDS\ LV WR WDUJHW RFFXOW V\VWHPLF PHWDVWDVHV WKDW DUH DOUHDG\
SUHVHQW DW WKH WLPH RI GLDJQRVLVVXUJHU\ 7KLV WKHUDS\ FDQ EH DGPLQLVWHUHG LQ D QHRDGMXYDQW
SULRU WR VXUJHU\ RU DGMXYDQW VHWWLQJ DIWHU VXUJHU\ 710 VWDJLQJ GHWHUPLQHV ZKLFK
SDWLHQWV DUH RIIHUHG FKHPRWKHUDS\ $OO SDWLHQWV ZLWK VWDJH ,,, &5& DUH FRQVLGHUHG IRU
DGMXYDQW FKHPRWKHUDS\ 7KH EHQHILW RI IOXRURXUDFLOEDVHG WKHUDS\ IROORZLQJ VXUJHU\ LQ
SDWLHQWV ZLWK VWDJH ,,, GLVHDVH ZDV ILUVW UHSRUWHG E\ 6DUJHQW HW DO  7KLV ODQGPDUN VWXG\
KLJKOLJKWHG D  RYHUDOO VXUYLYDO EHQHILW FRQIHUUHG E\ VXFK WKHUDS\ ZKHQ FRPSDUHG WR
XQWUHDWHG SDWLHQWV /DWHU $QGUq HW DO UHSRUWHG WKH DGGLWLRQ RI R[DOLSODWLQ WR D UHJLPHQ RI

IOXRURXUDFLO DQG OHXFRYRULQ LPSURYHG WKH DGMXYDQW WUHDWPHQW RI FRORQ FDQFHU  0RUH
UHFHQW VWXGLHV KDYH UHSRUWHG WKH ODFN RI EHQHILW FRQIHUUHG E\ DGMXYDQW WKHUDS\ LQ WKH
FRQWH[W RI SDWLHQWV ZLWK WXPRXUV GHPRQVWUDWLQJ PLVPDWFK UHSDLU GHILFLHQF\ DQG PD\ LQ IDFW
EH KDUPIXO  :KLOVW WKH XVH RI DGMXYDQW WKHUDS\ LQ VWDJH ,,, SDWLHQWV LV ZLGHO\ SUDFWLFHG
LQ WKH 8QLWHG .LQJGRP WKH XVH RI PLVPDWFK UHSDLU 005 GHILFLHQF\ DV D SUHGLFWLYH
PDUNHU LV \HW WR EH DGRSWHG LQWR URXWLQH SUDFWLFH 3DWLHQWV ZLWK VWDJH ,, GLVHDVH ZLWK
DGGLWLRQDO ULVN IDFWRUV DUH DOVR FRQVLGHUHG IRU DGMXYDQW WKHUDS\ KRZHYHU D VXEVWDQWLDO
SURSRUWLRQ RI WKHVH SDWLHQWV GR QRW EHQHILW IURP FKHPRWKHUDS\ 3DWLHQWV ZLWK UHVHFWDEOH
OXQJOLYHU PHWDVWDVHV DUH RIIHUHG QHRDGMXYDQW FKHPRWKHUDS\ SULRU WR VXUJLFDO UHVHFWLRQ RI
WKH PHWDVWDVHV 7KRVH SDWLHQWV ZLWK XQUHVHFWDEOH OXQJOLYHU PHWDVWDVHV DUH FRQVLGHUHG IRU
F\WRUHGXFWLYH RU µGRZQVWDJLQJ¶ FKHPRWKHUDS\ 3DWLHQWV ZLWK D VLJQLILFDQW UHVSRQVH PD\ EH
FRQVLGHUHG IRU VXUJLFDO UHVHFWLRQ RI WKH SULPDU\ WXPRXU DQG DFFRPSDQ\LQJ PHWDVWDVHV
 5DGLRWKHUDS\
,Q UHFWDO FDQFHU PDJQHWLF UHVRQDQFH LPDJLQJ 05, KDV EHHQ VKRZQ WR KDYH KLJK
GLDJQRVWLF DFFXUDF\ ZLWK UHVSHFW WR SUHGLFWLQJ ZKHWKHU WKH FLUFXPIHUHQWLDO UHVHFWLRQ PDUJLQ
ZLOO EH LQYROYHG ZLWK WXPRXU  3DWLHQWV ZLWK UHFWDO FDQFHU DUH RIIHUHG QHRDGMXYDQW
UDGLRWKHUDS\ ZLWK RU ZLWKRXW FKHPRWKHUDS\ EDVHG RQ WKHLU ULVN RI ORFDO UHFXUUHQFH DV
SUHGLFWHG E\ VWDJLQJ 05, &XUUHQWO\ WKH 6FRWWLVK ,QWHUFROOHJLDWH *XLGHOLQHV 1HWZRUN
6,*1 JXLGHOLQHV RQ &5& DGYLVH SDWLHQWV ZLWK KLJK ULVN RI UHFXUUHQFH LH SDWLHQWV ZKR
UHTXLUH F\WRUHGXFWLRQ EHFDXVH RI WXPRXU HQFURDFKPHQW RQ WKH PHVRUHFWDO IDVFLD VKRXOG
UHFHLYH SUHRSHUDWLYH FKHPRUDGLRWKHUDS\ IROORZHG E\ VXUJHU\ 7KRVH ZLWK PRGHUDWH ULVN RI
ORFDO UHFXUUHQFH LH LI WKH FLUFXPIHUHQWLDO UHVHFWLRQ PDUJLQ LV WKUHDWHQHG EXW QRW EUHDFKHG
VKRXOG EH RIIHUHG VKRUW FRXUVH UDGLRWKHUDS\ DORQH 
 %LRORJLFDO WKHUDS\
%LRORJLFDO WKHUDSLHV DUH XVHG LQ SDWLHQWV ZLWK PHWDVWDWLF &5& .5$6 WHVWLQJ LV DQ
LPSRUWDQW PROHFXODU PDUNHU WKDW KDV HQWHUHG URXWLQH FOLQLFDO SUDFWLFH WR LGHQWLI\ SDWLHQWV
ZLWK PHWDVWDWLF GLVHDVH ZKR PD\ EHQHILW IURP WUHDWPHQW ZLWK HSLGHUPDO JURZWK IDFWRU
UHFHSWRU (*)5 PRQRFORQDO DQWLERG\ HJ &HWX[LPDE RU 3DQLWXPXPDE (IILFDF\ RI (*)5
PRQRFORQRFDO DQWLERG\ LV FRQILQHG WR SDWLHQWV ZLWK .5$6 ZLOGW\SH WXPRXUV 
9DVFXODU HQGRWKHOLDO JURZWK IDFWRU DQWLERG\ 9(*) %HYDFL]XPDE KDV DOVR EHHQ
DVVRFLDWHG ZLWK SURPLVLQJ RXWFRPHV LQ SDWLHQWV ZLWK PHWDVWDWLF &5&

 1)ț%
7KH LQLWLDO GLVFRYHU\ RI WKH 1XFOHDU )DFWRU NDSSD % 1)ț% WUDQVFULSWLRQ IDFWRU ZDV PDGH
WKUHH GHFDGHV DJR ,WV LGHQWLILFDWLRQ ZDV PDGH LQ WKH '1$ELQGLQJ DFWLYLW\ RI %
O\PSKRF\WHV ZKHUH LW ZDV IRXQG WR VSHFLILFDOO\ UHFRJQLVH WKH JHQH HQFRGLQJ WKH
LPPXQRJOREXOLQț OLJKW FKDLQ  /DWHU 6HQ DQG %DOWLPRUH UHSRUWHG WKH LQGXFLEOH QDWXUH
RI 1)ț% DQG LWV DFWLYLW\ RXWZLWK WKH % FHOO IDPLO\  7KHUH DUH WZR DUPV RI WKH SDWKZD\
FDQRQLFDO DQG QRQFDQRQLFDO HDFK KDV NH\ UROHV LQ LQQDWH DQG DGDSWLYH LPPXQH UHVSRQVHV
FHOO VXUYLYDO DQG LQIODPPDWLRQ  1)ț% LV VXUURJDWH IRU D IDPLO\ RI ILYH UHODWHG 5HO
IDPLO\ SURWHLQV 1)ț% S S RU SS 1)ț%  S S RU S S
5HO $ F5HO 5HO DQG 5HO% 7KHVH SURWHLQV KDYH D FRPPRQ  DPLQR DFLG 5HO
KRPRORJ\ GRPDLQ 5+'  WKHUHIRUH RQFH DFWLYDWHG WKHLU VWUXFWXUDO VLPLODULWLHV DOORZ
IRUPDWLRQ RI KRPR DQG KHWHURGLPHUV QXFOHDU ORFDOLVDWLRQ '1$ ELQGLQJ DQG DVVRFLDWLRQ
ZLWK LQKLELWRU RI 1)ț% ,ț% 7KHUH DUH WKUHH VWUXFWXUDO UHJLRQV ZLWKLQ WKH 5HO KRPRORJ\
GRPDLQ WKHVH LQFOXGH WKH 1WHUPLQDO GRPDLQ GLPHULVDWLRQ GRPDLQ '' DQG QXFOHDU
ORFDOLVDWLRQ VLJQDO 1/6 5HO$ F5HO DQG 5HO% SRVVHVV D &WHUPLQDO WUDQVFULSWLRQDO
DFWLYDWLRQ GRPDLQ 7$' ZKLFK HQDEOHV WKHP WR DFWLYDWH WDUJHW JHQH H[SUHVVLRQ ,Q
FRPSDULVRQ S DQG S GHULYHG IURP S DQG S UHVSHFWLYHO\ ODFN WKLV 7$' DQG DUH
RQO\ DFWLYH RQFH ERXQG WR D SURWHLQ FRQWDLQLQJ D 7$' )ROORZLQJ FHOO VXUIDFH UHFHSWRU
OLJDQG ELQGLQJ VWLPXODWLRQ RI D FHOO OHDGV WR UHFUXLWPHQW RI DGDSWRUV HJ 75$) WXPRXU
QHFURVLV IDFWRU UHFHSWRUDVVRFLDWHG IDFWRU WR WKH F\WRSODVPLF GRPDLQ RI WKH UHFHSWRU ,Q
WXUQ UHFUXLWPHQW RI ,.. FRPSOH[ OHDGV WR SKRVSKRU\ODWLRQ RI WKH ,ț% ,Q WKH ODWHQW FHOO
,ț% LQKLELWRU\ SURWHLQV ,ț%Į ,ț%ȕ ,ț%İ ,ț%Ȗ ,ț%ȗ S DQG S UHPDLQ ERXQG WR WKH
'' DQG 1/6 RI 1)ț% SURWHLQV ZKLFK DUH UHQGHUHG LQDFWLYH ZLWKLQ WKH F\WRSODVP ±
,ț%V FRQWDLQ PXOWLSOH FRSLHV RI D  DPLQR DFLG VHTXHQFH FDOOHG DQN\ULQ UHSHDWV ZKLFK
PHGLDWH WKHLU LQWHUDFWLRQ ZLWK WKH 5+' RI 1)ț% SURWHLQV PDVNLQJ WKHLU 1/6 DQG WKHUHE\
KROGLQJ WKHP ERXQG LQDFWLYH ZLWKLQ WKH F\WRSODVP .H\ VWHSV LQ ERWK DUPV RI WKH SDWKZD\
LQFOXGH DFWLYDWLRQ E\ ,ț% NLQDVH ,.. FRPSOH[ UHVXOWLQJ LQ WKH SKRVSKRU\ODWLRQLQGXFHG
SURWHDVRPDO GHJUDGDWLRQ RI ,ț% SURWHLQV DOORZLQJ GLPHUV WR IRUP HQWHU WKH QXFOHXV DQG
























$FWLYDWLRQ DQG UHJXODWLRQ RI WKH LQKLELWRU RI 1)ț% NLQDVH ,.. FRPSOH[ LV WLJKWO\
UHJXODWHG DQG DQ LQWHJUDO FRPSRQHQW RI 1)ț% KRPHRVWDVLV ,Q WKH FDQRQLFDO VHQVH ,..V
DUH UHVSRQVLEOH IRU WKH GHJUDGDWLRQ RI ,ț% LQKLELWRU\ SURWHLQV ERXQG WR 1)ț% VXEXQLWV
VXFK DV S DOORZLQJ PRYHPHQW LQWR WKH QXFOHXV ,..Į DQG ,..ȕ VKDUH D  LGHQWLFDO
DPLQR DFLG VHTXHQFH  7KH ,..V DUH UHJXODWHG YLD WKHLU SKRVSKRU\ODWLRQ VLWHV RQFH
SKRVSKRU\ODWHG FRQIRUPDWLRQDO FKDQJH RI WKH NLQDVH UHVXOWV LQ VXEVHTXHQW DFWLYDWLRQ
,..ȕ LV SKRVSKRU\ODWHG DW VHULQHV  DQG   &URVVWDON RI ,..ȕ ZLWK 6UF NLQDVH
IDPLO\ LV GHPRQVWUDWHG E\ WKH F6UF GHSHQGHQW SKRVSKRU\ODWLRQ RI 7\U DQG 7\U QHDU
WKH DFWLYDWLRQ ORRS RI ,..ȕ  :LWK UHVSHFW WR WKH QRQFDQRQLFDO 1)ț% SDWKZD\ ,..Į
LV SKRVSKRU\ODWHG DW VHULQH  DQG  $XWRSKRVSKRU\ODWLRQ RFFXUV DW WKHVH VLWHV ZKHQ
,..Į LV SDUW RI WKH ,..ȕ1(02 FRPSOH[ 1,. SKRVSKRU\ODWHV ,..Į DW VHULQH  
2WKHU SURWHLQV DUH DOVR UHJXODWHG YLD ,..Į DFWLYDWLRQ )RU H[DPSOH RQH PHFKDQLVP RI
FURVVWDON EHWZHHQ 3,.$NW DQG 1)ț% SDWKZD\V LV YLD SKRVSKRU\ODWLRQ RI 7KU RQ
,..Į %RWK ,..Į DQG ,..ȕ KDYH DQ 1/6 ZKLFK UHQGHUV WKHP DEOH WR GLUHFWO\
SKRVSKRU\ODWH SURWHLQV DW WKH QXFOHDU OHYHO  )RU H[DPSOH ,..Į KDV EHHQ LPSOLFDWHG LQ
WKH LQGXFWLRQ RI 1)ț% JHQH H[SUHVVLRQ YLD SKRVSKRU\ODWLRQ RI 6HU  LQ +LVWRQH  

 7KH FDQRQLFDO 1)ț% SDWKZD\
&DQRQLFDO 1)ț% SDWKZD\ DFWLYLW\ UHVXOWV IURP VWLPXODWLRQ RI 7ROOOLNH UHFHSWRUV 7/5V
DQWLJHQ UHFHSWRUV DQG SURLQIODPPDWRU\ F\WRNLQHV VXFK DV WXPRXU QHFURVLV IDFWRU 71) DQG
LQWHUOHXNLQ ,/ UHVXOWLQJ LQ WKH UHFUXLWPHQW RI WKH ,.. FRPSOH[ FRPSRVHG RI VXEXQLWV
,..Į ,..ȕ DQG ,..Ȗ1(02 1)ț% HVVHQWLDO PRGXODWRU 7KH ,.. FRPSOH[ LV
DFWLYDWHG E\ HLWKHU DXWRSKRVSKRU\ODWLRQ  RU YLD WKH ,.. NLQDVH WUDQVIRUPLQJ JURZWK
IDFWRUȕDFWLYDWHG NLQDVH  7$.  7KH SRO\XELTXLWLQDWLRQ RI XSVWUHDP NLQDVH 7$.
UHVXOWV LQ DFWLYDWLRQ RI WKH ,.. FRPSOH[  KRZHYHU WKH UROH RI 7$. IRU ,..
DFWLYDWLRQ YDULHV DPRQJVW FHOO W\SHV LQ YLYR 7$.GHILFLHQW PLFH HPEU\RQLF ILEUREODVWV
VKRZ GLPLQLVKHG OHYHOV RI 1)ț% DFWLYLW\ LQ UHVSRQVH WR 7/5V 71) DQG ,/ ZKHUHDV
7$.GHILFLHQW %FHOOV GR QRW  ,..ȕ DQG 1(02 DUH FULWLFDO IRU FDQRQLFDO DFWLYLW\ DV
GHPRQVWUDWHG E\ HDUO\ HPEU\RQLF GHDWK LQ NQRFNRXW PLFH  ,..ȕ SKRVSKRU\ODWHV
,ț% SUHGRPLQDQWO\ ,ț%Į DQG XQPDVNV WKH 1/6 RI S ERXQG WR SS 5HPRYDO RI
,ț%Į UHYHDOV WKLV 1/6 DFWLYDWLQJ SS GLPHU WUDQVORFDWLRQ WR WKH QXFOHXV

 7KH QRQFDQRQLFDO 1)ț% SDWKZD\
1RQFDQRQLFDO 1)ț% SDWKZD\ DFWLYLW\ UHVXOWV IURP WKH VWLPXODWLRQ RI D VSHFLILF JURXS RI
71) VXSHUIDPLO\ UHFHSWRUV O\PSKRWR[LQ ȕUHFHSWRU /7ȕ5 %$))5 5$1./ RU &'
± 7KHVH UHFHSWRUV DUH FORVHO\ DVVRFLDWHG ZLWK 75$) IDPLO\ RI SURWHLQV ZKLFK DFW DV
PHGLDWRUV LQ ERWK DUPV RI WKH 1)ț% SDWKZD\ DQG DUH UHVSRQVLEOH IRU VLJQDO WUDQVGXFWLRQ
IURP PHPEHUV RI WKH 71) VXSHUIDPLO\ UHFHSWRUV DQG VXEVHTXHQW DFWLYDWLRQ RI GRZQVWUHDP
NLQDVHV 1RQFDQRQLFDO DFWLYLW\ DULVHV DV D UHVXOW RI 1)ț% LQGXFLQJ NLQDVH 1,.
VWDEDOLVDWLRQ 1,. SKRVSKRU\ODWHV ,..Į DW VHULQH   ZKLFK LQGXFHV WKH
SKRVSKRU\ODWLRQ GHSHQGHQW XELTXLWLQDWLRQ RI 1)ț% SUHFXUVRU SURWHLQ S DW LWV &
WHUPLQDO UHJLRQ  7KLV LV D FUXFLDO VWHS LQ WKH SDWKZD\ DV LQGXFWLRQ RI S UHVXOWV QRW
RQO\ LQ WKH PDWXUDWLRQ RI S EXW DOVR DFWV DV DQ LQKLELWRU SUHYHQWLQJ WKH WUDQVORFDWLRQ RI
5HO% WR WKH FHOO QXFOHXV ± :LWKLQ WKH F\WRSODVP S IRUPV KHWHURGLPHUV ZLWK
5HO% ZKLFK WKHQ WUDQVORFDWH WR WKH QXFOHXV 7KH QRQFDQRQLFDO 1)ț% SDWKZD\ KDV NH\
UROHV LQ UHJXODWLQJ SURFHVVHV LQFOXGLQJ SURGXFWLRQ RI O\PSKRLG RUJDQV UHVSRQVLEOH IRU %
DQG 7 O\PSKRF\WH SURGXFWLRQ %FHOO GHYHORSPHQW DQG VXUYLYDO GHQGULWLF FHOO IXQFWLRQ
DQG ERQH PHWDEROLVP 

 1)ț% KRPHRVWDVLV
1)ț% LV DQ LQGXFLEOH WUDQVFULSWLRQ IDFWRU DQG D SLYRWDO UHJXODWRU RI NH\ SK\VLRORJLFDO
IXQFWLRQV 2QH VXFK IXQFWLRQ LV UHJXODWLRQ RI LPPXQH DQG LQIODPPDWRU\ UHVSRQVHV ZLWK
1)ț% ELQGLQJ VLWHV LQ WKH SURPRWHU UHJLRQV RI PRVW JHQHV HQFRGLQJ F\WRNLQHV DQG
FKHPRNLQHV  1)ț% KDV UROHV LQ HSLWKHOLDO WLVVXHV VXFK DV FRRUGLQDWLQJ DQWLPLFURELDO
LPPXQLW\ DQG PDLQWDLQLQJ LQWHJULW\ RI WKH JDVWURLQWHVWLQDO EDUULHU  1)ț% DOVR
KDV UROHV LQ O\PSKRF\WH GLIIHUHQWLDWLRQ  FHOOXODU UHVSRQVHV ± DQG FHOO
VSHFLDOLVDWLRQ  'XH WR LWV YHU\ QDWXUH 1)ț% LV WLJKWO\ FRQWUROOHG E\ D QHJDWLYH
IHHGEDFN PHFKDQLVP DQG WKHUHIRUH KDV DQWLLQIODPPDWRU\ DV ZHOO DV SURLQIODPPDWRU\
DFWLYLW\  &DQRQLFDO 1)ț% DFWLYLW\ LV YHU\ PXFK GHSHQGHQW RQ WKH GHJUDGDWLRQ RI ,ț%
HTXDOO\ ,ț% JHQHV Į DQG İ DUH XQGHU WKH LQIOXHQFH RI 1)ț% DFWLYLW\ DQG IXQFWLRQ DV
QHJDWLYH UHJXODWRUV WKDW VXVSHQG WKH 1)ț% UHVSRQVH ± 2WKHU UHJXODWRU\
PHFKDQLVPV DUH XSVWUHDP RI WKH ,..V DQG HDFK LPPXQRUHFHSWRU XVHV VSHFLILF FRPSOH[HV
FRPSRVHG RI DGDSWRU PROHFXOHV XELTXLWLQ OLJDVHV DQG SURWHLQ NLQDVHV IRU FRQWH[W
GHSHQGHQW FRQWURO RI ,.. )RU H[DPSOH 71) LQGXFHG FDQRQLFDO DFWLYLW\ LV PHGLDWHG YLD
UHFUXLWPHQW RI 75$'' 75$) F,$3 DQG 5,3 WR WKH UHFHSWRU DQG RQFH ,..
SKRVSKRU\ODWHV ,ț%Į WKLV WULJJHUV .OLQNHG SRO\XELTXLWLQDWLRQ DQG GHJUDGDWLRQ RI WKH
SURWHDVRPH 
1,. KDV D NH\ UROH LQ WKH UHJXODWLRQ RQ WKH QRQFDQRQLFDO SDWKZD\ ,Q WKH XQVWLPXODWHG
FHOO FRQVWDQW GHJUDGDWLRQ RI 1,. RFFXUV DV D UHVXOWV RI 1,.75$) ELQGLQJ DQG WKXV
SUHYHQWLQJ WKH SURFHVVLQJ RI S  )XUWKHUPRUH NQRFNRXW RI 75$) OHDGV WR WKH
DFFXPXODWLRQ RI 1,. DQG FRQVWLWXWLYH SURFHVVLQJ RI S GHPRQVWUDWLQJ WKH LPSRUWDQW
UHJXODWRU\ UROH RI 75$) LQ QRQFDQRQLFDO 1)ț% DFWLYLW\  ,Q WKH UHVWLQJ VWDWH 1,.
VWDELOLW\ LV UHJXODWHG E\ 75$) 75$) F,$3 DQG F,$3 ,Q DGGLWLRQ WR ,..Į LQGXFHG
SKRVSKRU\ODWLRQ RI S ,..Į DOVR SKRVSKRU\ODWHV 1,. WR SURPRWH LWV GHVWDELOLVDWLRQ DV D
QHJDWLYH IHHGEDFN PHFKDQLVP 

 1)ț% FURVVWDON
7KHUH LV HYLGHQFH RI FURVVWDON EHWZHHQ WKH FDQRQLFDO DQG QRQFDQRQLFDO DUPV RI 1)ț%
VLJQDOOLQJ 7KLV LV GHPRQVWUDWHG E\ HYLGHQFH RI UDLVHG 1,. OHYHOV LQ 1(02GHILFLHQW FHOOV
DQG VLPLODUO\ LQ ,..ȕ DQG S GHILFLHQW PRXVH HPEU\RQLF ILEUREODVWV 0()V 
)XUWKHU VWXGLHV GHPRQVWUDWH WKLV FURVVWDON YLD WKH IRUPDWLRQ RI D 5HO%S GLPHU LQ WKH
UHJXODWLRQ RI GHQGULWLF FHOO PDWXUDWLRQ  7KH FRPSOH[LW\ RI WKLV FURVVWDON LV
GHPRQVWUDWHG E\ HYLGHQFH ZKLFK VXJJHVWV ,..Į LQKLELWV WKH FDQRQLFDO 1)ț% SDWKZD\ E\
SKRVSKRU\ODWLQJ WKH VFDIIROG SURWHLQ 7$;%3 DQG VXEVHTXHQW DFWLYLW\ RI GHXELTXLWLQDVH
$ DQG WHUPLQDWLRQ RI FDQRQLFDO 1)ț% VLJQDOOLQJ  1)ț% LQWHUDFWV ZLWK RWKHU
VLJQDOOLQJ SDWKZD\V VXFK DV VLJQDO WUDQVGXFWLRQ DFWLYDWRU RI WUDQVFULSWLRQ 67$7 DQG
K\SR[LDLQGXFLEOH IDFWRU +,) SDWKZD\ 7KHUH LV DOVR FURVVWDON EHWZHHQ 1)ț% 3,.$NW
SDWKZD\  DQG PLWRJHQ DFWLYDWHG SURWHLQ NLQDVH 0$3. VLJQDOOLQJ SDWKZD\  ,Q
DGGLWLRQ ,.. NLQDVHV KDYH D QXPEHU RI UROHV LQGHSHQGHQW RI 1)ț% VLJQDOOLQJ  HJ
+LVWRQH + SKRVSKRU\ODWLRQ  6057  VXSSUHVVLRQ RI WXPRXU VXSSUHVVRUDQWL
PHWDVWDVLV JHQH PDVSLQ  DQG GHVWDELOLVLQJ S 

 1)ț% DQG FDQFHU
7KH OLQN EHWZHHQ 1)ț% DQG FDQFHU LQLWLDOO\ FDPH IURP WKH LGHD WKDW PDQ\ FDQFHUV DULVH DW
VLWHV RI LQIHFWLRQ RU FKURQLF LQIODPPDWLRQ 1)ț% DFWLYDWLRQ LV LPSOLFDWHG LQ HDFK RI WKH
GHVFULEHG KDOOPDUNV RI FDQFHU SUROLIHUDWLRQ HYDVLRQ RI DSRSWRVLV DQG DQWLJURZWK VLJQDOV
DQJLRJHQHVLV LQYDVLRQ DQG PHWDVWDVLV VHOIVXIILFLHQF\ LQ JURZWK VLJQDOV DQG LPPXQH
UHVSRQVHV ZLWKLQ WKH WXPRXU PLFURHQYLURQPHQW 
1)ț% EULGJHV WKH OLQN EHWZHHQ LQIODPPDWLRQ LPPXQLW\ DQG FDQFHU F5HO LV D KRPRORJ RI
WKH UHWURYLUDO RQFRJHQH Y5HO LW FRGHV IRU DQ 1)ț% VXEXQLW DQG SURYLGHG RQH RI WKH ILUVW
OLQNV EHWZHHQ 1)ț% DQG FDUFLQRJHQHVLV  1)ț% VLJQDOOLQJ LQIOXHQFHV D ODUJH QXPEHU
RI JHQHV ZKLFK PHDQV LW LV LQYROYHG LQ PRVW DVSHFWV RI WXPRULJHQHVLV 
+DHPDWRORJLFDO PDOLJQDQFLHV DUH DVVRFLDWHG ZLWK PXWDWLRQV DIIHFWLQJ FRPSRQHQWV RI WKH
1)ț% VLJQDOOLQJ SDWKZD\ ± OHDGLQJ WR WKH FRQVWLWXWLYH DFWLYDWLRQ RI ERWK
FDQRQLFDO DQG QRQFDQRQLFDO DUPV KRZHYHU WKHVH PXWDWLRQV DUH H[WUHPHO\ UDUH LQ HSLWKHOLDO
FDUFLQRPDV 7KH SURWXPRXULJHQLF DFWLYLW\ RI 1)ț% FDQ RFFXU YLD FDQRQLFDO RU QRQ
FDQRQLFDO VLJQDOOLQJ  1)ț% LQIOXHQFHV LPSRUWDQW WXPRXU VXSSRUWLYH SURFHVVHV
VXFK DV LQVHQVLWLYLW\ WR JURZWK LQKLELWRU\ VLJQDOV HYDGLQJ DSRSWRVLV SUROLIHUDWLRQ
DQJLRJHQHVLV DQG PHWDVWDVLV  ,W KDV DOVR EHHQ LPSOLFDWHG LQ FKHPR DQG UDGLR
UHVLVWDQFH  &HOOXODU SUROLIHUDWLRQ LV D KDOOPDUN RI FDQFHU  1)ț% WDUJHW
JHQHV UHJXODWLQJ SURPRWLRQ RI FHOO JURZWK LQFOXGH F\FOLQ ' F\FOLQ ( &'. DQG F0\F
DV ZHOO DV JURZWK VLJQDOV *0&6) DQG ,/ 1)ț% FDQ LQKLELW DSRSWRVLV DQG WKXV SUHYHQW
HOLPLQDWLRQ RI QHRSODVWLF FHOOV 6XFK JHQHV LQFOXGH %FO PHPEHUV VXFK DV %FO[/ DQG ,$3V
LQKLELWRUV RI DSRSWRVLV  1)ț% UHJXODWHV DQJLRJHQHVLV WKURXJK LWV WDUJHW 9(*)
DV ZHOO DV WKURXJK 1)ț% UHJXODWHG FKHPRNLQHV VXFK DV ,/  &;&/  DQG  
$FWLYDWLRQ RI WKH FDQRQLFDO SDWKZD\ KDV EHHQ REVHUYHG LQ D QXPEHU RI FDQFHUV LQFOXGLQJ
FRORUHFWDO EUHDVW OXQJ SDQFUHDWLF RHVRSKDJHDO FDQFHU DQG PHODQRPD 7KH QRQFDQRQLFDO











































 1)ț% DQG FRORUHFWDO FDQFHU
8QOLNH KDHPDWRORJLFDO PDOLJQDQFLHV QR DFWLYDWLQJ PXWDWLRQV RI 1)ț% LQ &5& KDYH EHHQ
UHSRUWHG  KRZHYHU FRQVWLWXWLYH DFWLYDWLRQ RI 1)ț% KDV EHHQ REVHUYHG ± DQG
LV DVVRFLDWHG ZLWK KLJKHU WXPRXU VWDJH  WUHDWPHQW UHVLVWDQFH
 DQG SRRU VXUYLYDO RXWFRPHV  $V DFWLYDWLRQ RI 1)ț%
SDWKZD\V KDV EHHQ DVVRFLDWHG ZLWK SRRU SURJQRVLV LW LV SRVVLEOH WKDW PHPEHUV RI WKH 1)
ț% SDWKZD\V FRXOG EH HPSOR\HG DV SURJQRVWLF PDUNHUV RU LQGHHG QRYHO WKHUDSHXWLF WDUJHWV
IRU &5& 7KH UROH RI 1)ț% LQ WKH WUDQVLWLRQ RI SUHPDOLJQDQW SRO\S WR LQYDVLYH FDUFLQRPD
LV XQFOHDU
7KH UHODWLRQVKLS EHWZHHQ WKH 1)ț% SDWKZD\ LQIODPPDWLRQ DQG FDQFHU KDV EHHQ ZLGHO\
UHYLHZHG  0XFK RI WKH LQLWLDO UHVHDUFK OLQNLQJ 1)ț% DQG &5& IRFXVHG RQ
FKURQLF LQIODPPDWLRQ ZDV SHUIRUPHG LQ PRXVH PRGHOV RI FROLWLV DQG LPSRUWDQWO\
GHPRQVWUDWHG 1)ț% IXQFWLRQV DUH FHOOW\SH DQG WXPRXUW\SH VSHFLILF 
 3UROLIHUDWLRQ DQG HYDGLQJ DSRSWRVLVDQWLJURZWK VLJQDOOLQJ
 &RORUHFWDO SRO\V
3RO\SV DUH UHFRJQLVHG DV SUHFXUVRUV WR &5& 7KH\ DUH FODVVLILHG LQWR HLWKHU DGHQRPDV RU
VHUUDWHGK\SHUSODVWLF SRO\SV ERWK ZLWK PDOLJQDQW SRWHQWLDO 9RJHOVWHLQ DQG FROOHDJXHV
KDYH GHWDLOHG WKH VWHSZLVH DFFXPXODWLRQ RI PROHFXODU DOWHUDWLRQV WKDW DFFRPSDQ\ WKH
DGHQRPDFDUFLQRPD VHTXHQFH FKURPRVRPDO LQVWDELOLW\ SDWKZD\ ZKLFK VHHV
WUDQVIRUPDWLRQ WKURXJK LQFUHDVLQJ JUDGHV RI DGHQRPDWRXV G\VSODVLD WR WKH GHYHORSPHQW RI
LQYDVLYH FDUFLQRPD  7KH UROH RI 1)ț% LQ DGHQRPD IRUPDWLRQ LQ WKH FRQWH[W RI FROLWLV
DVVRFLDWHG FDQFHU KDV EHHQ VWXGLHG LQ PRXVH PRGHOV WKDW VXJJHVW 1)ț% LV LPSOLFDWHG LQ
WKH HDUO\ VWDJHV RI DGHQRPD IRUPDWLRQ +RZHYHU WKHUH DUH QR NQRZQ VWXGLHV WKDW KDYH
PDSSHG 1)ț% H[SUHVVLRQ LQ KXPDQ WLVVXH ZLWK UHVSHFW WR DGHQRPDFDUFLQRPD
WUDQVIRUPDWLRQ 1RQHWKHOHVV D K\EULG PRXVH PRGHO ZLWK LQWHVWLQDO HSLWKHOLDO FHOOVSHFLILF
DOOHOLF GHOHWLRQ RI $3& DQG FRQVWLWXWLYH H[SUHVVLRQ RI ,..ȕ GLVSOD\HG LQFUHDVH FRORQLF
DGHQRPD IRUPDWLRQ WKDQ WKHLU $3& DOOHOH GHOHWHG RQO\ FRXQWHUSDUW 7KLV VWXG\ UHSRUWHG WKH
K\EULG PRGHO H[SUHVVLQJ ,..ȕ PRVWO\ LQFUHDVHG DGHQRPD QXPEHU EXW GLG QRW LQFUHDVH WKH
VL]H RI WKH DGHQRPD VXJJHVWLQJ ,..ȕ LV LPSOLFDWHG LQ DGHQRPD LQLWLDWLRQ RU HDUO\
HVWDEOLVKPHQW  6HUUDWHGK\SHUSODVWLF SRO\SV DUH FRQVLGHUHG DV GHYHORSLQJ YLD GLVWLQFW
PHFKDQLVP WR WKDW GHVFULEHG E\ 9RJHOVWHLQ DQG LW ZRXOG EH RI LQWHUHVW WR VWXG\ 1)ț% LQ

WKLV FRQWH[W ,I FRQILUPHG LQ KXPDQ VWXGLHV 1)ț% FRXOG EH HPSOR\HG WR FOLQLFDOO\
LGHQWLI\ ZKLFK SRO\SV KDYH PDOLJQDQW SRWHQWLDO
7KH DQWLDSRSWRWLF DFWLYLW\ RI 1)ț% LV PHGLDWHG YLD %FO %FO[/ F)/,3 F,$3 DPRQJVW
RWKHU JHQHV  $QWLDSRSWRWLF SURWHLQ %$* %FODVVRFDLWHG DWKDQRJHQH LV
LQYROYHG LQ NH\ SURFHVVHV VXFK DV SUROLIHUDWLRQ FHOO VLJQDOOLQJ WUDQVFULSWLRQ DQG DSRSWRVLV
 2YHUH[SUHVVLRQ RI %$* KDV EHHQ UHSRUWHG LQ FRORUHFWDO DGHQRPDV DQG FDUFLQRPDV
7KH VDPH VWXG\ UHSRUWHG NQRFNGRZQ RI %$* LQ FRORQ FDQFHU FHOO OLQHV LQKLELWHG 1)ț%
WUDQVFULSWLRQDO DFWLYLW\  $ VHSDUDWH VWXG\ UHSRUWHG WKLV SURFHVV LV UHJXODWHG E\
DQWLJURZWK SURWHLQWXPRXU VXSSUHVVRU 5E UHWLQREODVWRPD  ,QKLELWLRQ RI 1)ț% ZLWK
%$* VL51$LQKLELWRU RI 1)ț% VXSSUHVVHG FHOO \LHOG DQG LQGXFHG DSRSWRVLV 7KLV VWXG\
FRQFOXGHG LQKLELWLRQ RI 1)ț% DQG WKHUHIRUH VXSSUHVVLRQ RI %$* UHSUHVHQWV D QRYHO
WKHUDSHXWLF VWUDWHJ\ LQ &5& 
 &ROLWLVDVVRFLDWHG FDQFHU
7KH ILUVW JHQHWLF HYLGHQFH OLQNLQJ FDQRQLFDO 1)ț% DFWLYLW\ LQIODPPDWLRQ DQG &5& ZDV
IURP D PRXVH PRGHO RI FROLWLVDVVRFLDWHG FDQFHU ZKHUH GHOHWLRQ RI ,..ȕ LQ LQWHVWLQDO
HSLWKHOLDO FHOOV ,(&V DQG P\HORLG FHOOV KDG GLVWLQFW RXWFRPHV GHOHWLRQ RI ,..ȕ LQ ,(&V
VKRZHG UHGXFHG DGHQRPD LQFLGHQFH ZKLFK ZDV QRW UHODWHG WR OHYHOV RI LQIODPPDWLRQ EXW
KDG D GLUHFW HIIHFW RQ WXPRXU SURPRWLRQ DV GHPRQVWUDWHG E\ UHGXFWLRQ LQ DQWLDSRSWRWLF
%FO SURWHLQ %FO[/ ,Q FRQWUDVW GHOHWLRQ RI ,..ȕ LQ P\HORLG FHOOV ZDV DVVRFLDWHG ZLWK D
OHVV PDUNHG UHGXFWLRQ LQ DGHQRPD LQFLGHQFH EXW ZDV DVVRFLDWHG ZLWK UHGXFHG DGHQRPD VL]H
ZLWK UHGXFHG H[SUHVVLRQ RI JHQHV HQFRGLQJ SURLQIODPPDWRU\ F\WRNLQHV VXFK DV ,/ȕ ,/
 DQG 71)Į ZLWK QR HIIHFW RQ DSRSWRVLV  7KHVH UHVXOWV VXJJHVW ,..ȕ PHGLDWHG 1)
ț% DFWLYLW\ KDV FHOOVSHFLILF UROHV LQ WKH GHYHORSPHQW RI FROLWLVDVVRFLDWHG FDQFHU
,PSRUWDQWO\ WKLV VWXG\ GHPRQVWUDWHV WKH HDUO\ UROH RI 1)ț% LQ WKH GHYHORSPHQW RI SUH
FDQFHURXV DGHQRPDV ZKLFK FRXOG EH H[SORLWHG FOLQLFDOO\ DV D SRWHQWLDO WDUJHW ,Q PRXVH
PRGHOV RI FROLWLV ,..ȕ LQKLELWRUV KDYH EHHQ REVHUYHG WR OHDG WR VPDOOHU DQG OHVV IUHTXHQW
WXPRXU IRUPDWLRQ DQG PD\ RIIHU D QRYHO PRGH RI HDUO\ LQWHUYHQWLRQ 
:KHQ UHYLHZHG DV D ZKROH WKLV HYLGHQFH VXSSRUWV WKH K\SRWKHVLV WKDW WKHUH LV D UHODWLRQVKLS
EHWZHHQ LQIODPPDWLRQ 1)ț% DFWLYLW\ DQG WXPRXULJHQHVLV DQG LQGHHG WKDW 1)ț% KDV D
UROH LQ GLUHFWO\ SURPRWLQJ WXPRXULJHQHVLV LQ FROLWLVDVVRFLDWHG FDQFHU

 0HWDVWDWLF &5&
7KH UHODWLRQVKLS EHWZHHQ 1)ț% DQG LQIODPPDWLRQ LQGXFHG WXPRXULJHQHVLV ZDV
LQYHVWLJDWHG LQ D PHWDVWDWLF FRORQ FDQFHU PRXVH PRGHO ZKHUH LW ZDV REVHUYHG WKDW LQMHFWLRQ
ZLWK EDFWHULDO OLSRSRO\VDFFKDULGH /36 UHVXOWHG LQ PHWDVWDWLF WXPRXU JURZWK YLD
LQIODPPDWRU\ PHGLDWRU 71)Į ,QWUDSHULWRQHDO LQMHFWLRQ ZLWK FRORQ FHOOV WUDQVIHFWHG ZLWK
PXWDQW ,ț%Į UHGXFHG WXPRXU EXUGHQ DQG LPSURYHG PXULQH VXUYLYDO ,Q YLWUR WKLV LQKLELWLRQ
RI 1)ț% UHVXOWHG LQ D F\WRFLGDO HIIHFW PHGLDWHG E\ 75$,/ 71)UHODWHG DSRSWRVLV
LQGXFLQJ OLJDQG  2EVHUYDWLRQV IURP WKLV VWXG\ IXUWKHU VXSSRUW WKH OLQN EHWZHHQ 1)
ț% LQGXFHG LQIODPPDWLRQ DQG JURZWK RI PDOLJQDQW FHOOV LQ FRORQ FDQFHU
+XPDQ FRORQ FDQFHU VWHP FHOOV KDYH EHHQ LGHQWLILHG  DQG FDQ SURPRWH WXPRXU
IRUPDWLRQ DQG PHWDVWDVHV LQ YLYR  6LJQDOOLQJ SDWKZD\V LPSOLFDWHG LQ WKLV SURFHVV
LQFOXGH ,/67$7  DFWLYDWLRQ RI $03.P725 DQG 1)ț%  ,Q D JHQHWLF
PRGHO ZLWK UHVWULFWHG :17DFWLYDWLRQ DEODWLRQ RI 1)ț% S UHVWULFWHG LQWHVWLQDO FU\SW
VWHP FHOO H[SDQVLRQ 0RUHRYHU HQKDQFHG 1)ț% DFWLYLW\ LQFUHDVHG :QW DFWLYDWLRQ DQG
LQGXFHG GHGLIIHUHQWLDWLRQ RI QRQVWHP FHOOV WKDW DFTXLUH WXPRXULQLWLDWLQJ FDSDFLW\ 
$OWRJHWKHU WKHVH VWXGLHV VXSSRUW WKH UROH RI 1)ț% DQG LQGHHG RWKHU FORVHO\ OLQNHG
VLJQDOOLQJ SDWKZD\V VXFK DV 67$7 LQ FRORQ FDQFHU VWHP FHOOV LPSOLFDWHG LQ
WXPRXULJHQHVLV 0RUHRYHU WKH\ KLJKOLJKW WKH QHHG IRU IXUWKHU VWXGLHV WR LQYHVWLJDWH WKH
HIIHFW RI LQKLELWLQJ 1)ț%67$7 RQ WXPRXU JURZWK LQ WKH FRQWH[W RI FDQFHU VWHP FHOOV WR
IXOO\ XQGHUVWDQG KRZ WKHVH SDWKZD\V FRXOG EH H[SORLWHG FOLQLFDOO\ DV WKHUDSHXWLF WDUJHWV
(YDVLRQ RI DSRSWRVLV LV D KDOOPDUN RI FDQFHU :KHQ SUROLIHUDWLQJ FDQFHU FHOOV HQFRXQWHU
KRVWLOH FRQGLWLRQV HJ K\SR[LD RU LQVXIILFLHQF\ LQ QXWULHQWV WKHUH DUH UHJXODWRU\
PHFKDQLVPV WKDW NLFN LQ 7KHVH LQFOXGH FHOO F\FOH DUUHVW DSRSWRVLV DQG DXWRSKDJ\ 7KHVH
SURFHVVHV DUH XQGHU WKH LQIOXHQFH RI WXPRXU VXSSUHVVRU JHQHV VXFK DV S  7KH S
JHQH LV PXWDWHG LQ  RI &5&V  :KLOVW PXWDWLRQ RI S LV FRQVLGHUHG DQ
LPSRUWDQW VWHS LQ FRORUHFWDO SDWKRJHQHVLV VWXGLHV LQYHVWLJDWLQJ LWV SURJQRVWLF DQG
SUHGLFWLYH FDSDFLW\ KDYH UHSRUWHG FRQIOLFWLQJ UHVXOWV  +RZHYHU WKH UHODWLRQVKLS
EHWZHHQ 1)ț% DQG S DQG LWV LPSRUWDQFH LQ WKH GHYHORSPHQW DQG SURJUHVVLRQ RI FDQFHU
LV ZHOO GRFXPHQWHG  $ GUXJ DQG F\WRNLQHLQGXFHG S1)ț% FURVVWDON KDV EHHQ
UHSRUWHG LQ FRORUHFWDO FDQFHU FHOOV )XUWKHUPRUH 71)Į LQGXFHG 1)ț% WDUJHW JHQHV LQ
FRORUHFWDO FDQFHU FHOOV DUH GHSHQGHQW RQ WKLV S1)ț% LQWHUDFWLRQ  1)ț% LV
HVVHQWLDO LQ SPHGLDWHG FHOO GHDWK  DQG PXWDQW S SURORQJHG DFWLYDWLRQ RI 1)
ț% LQ FXOWXUHG FHOOV DQG ZDV DVVRFLDWHG ZLWK LQFUHDVHG VXVFHSWLELOLW\ WR FROLWLVDVVRFLDWHG

&5& LQ YLYR  +LVWRQH GHDFHW\ODVHV +'$&V DUH D IDPLO\ RI SURWHLQV FKDUDFWHULVHG
LQWR IRXU FODVVHV DQG GLFWDWH HSLJHQHWLF PRGXODWLRQ DQG JHQH H[SUHVVLRQ +'$&
XSUHJXODWLRQ KDV EHHQ REVHUYHG LQ &5& DQG LV DVVRFLDWHG ZLWK FHOO SUROLIHUDWLRQ VXUYLYDO
DQG LQKLELWLRQ RI FHOO GLIIHUHQWLDWLRQ +'$& LQKLELWRUV KDYH VKRZQ SURPLVLQJ UHVXOWV LQ WKH
FRQWH[W RI &5& ERWK LQ YLWUR DQG LQ YLYR 7KH FKHPRWKHUDSHXWLF K\GUR[\XUHD FRLQGXFHG
S DQG 1)ț%GHSHQGHQW JHQH H[SUHVVLRQ LQ FRORQ FDQFHU FHOO OLQHV XVLQJ D VSHFLILF FODVV
, +'$& LQKLELWRU WKLV VWXG\ DOVR UHSRUWHG FODVV , +'$&V DUH UHTXLUHG IRU WKH
K\GUR[\XUHDLQGXFHG FURVVWDON EHWZHHQ S DQG 1)ț%  $ IXUWKHU VWXG\ KDV UHSRUWHG
WKDW IROORZLQJ JHQRWR[LF VWUHVV +'$& UHJXODWHV 1)ț% JHQH H[SUHVVLRQ DQG DSRSWRVLV
0RUHRYHU NQRFNGRZQ RI S GLPLQLVKHG LQGXFWLRQ RI 1)ț% JHQH H[SUHVVLRQ LQ FRORQ
FDQFHU FHOOV ,QKLELWLRQ RI 1)ț%S UHJXODWHG SURWHLQ VXUYLYLQ VLJQLILFDQWO\ VHQVLWLVHG
FRORQ FDQFHU FHOOV H[SUHVVLQJ ZLOGW\SH +'$& WR GR[RUXELFLQ LQGXFHG DSRSWRVLV 
$OWRJHWKHU WKLV ZRUN KLJKOLJKWV WKH LPSRUWDQFH RI 1)ț%S FURVVWDON LQ FRORQ FDQFHU DQG
PRUH UHFHQWO\ WKH UROH RI +'$& SURWHLQV LQ PHGLDWLQJ WKLV UHODWLRQVKLS DQG UHYHDOLQJ LWVHOI
DV D SRWHQWLDO WKHUDSHXWLF VWUDWHJ\ LQ FRORQ FDQFHU
)LEURQHFWLQ LV DQ H[WUDFHOOXODU JO\FRSURWHLQ ZKLFK SOD\V D UROH LQ FHOO DGKHVLRQ JURZWK
PLJUDWLRQ GLIIHUHQWLDWLRQ LQIODPPDWRU\ FHOO DFWLYLW\ DQG WXPRXU DQJLRJHQHVLV ±
DQG LV KLJKO\ H[SUHVVHG LQ &5& FHOO OLQHV 6LOHQFLQJ RI ILEURQHFWLQ LQFUHDVHG DSRSWRVLV
UHODWHG JHQH SURGXFWV FDVSDVH S 3$53 %D[ DQG F\WRFKURPH F LQ YLYR EXW GHFUHDVHG
OHYHOV RI 1)ț% VXJJHVWLQJ D UHODWLRQVKLS EHWZHHQ ILEURQHFWLQ DQG WKH 1)ț%S
VLJQDOOLQJ SDWKZD\  7KLV SURYLGHV IXUWKHU HYLGHQFH WKDW 1)ț% SOD\V D FHQWUDO UROH LQ
UHJXODWLQJ FHOO GHDWK LQ WKH GHYHORSPHQW DQG SURJUHVVLRQ RI &5& $OWRJHWKHU WKHUH LV
VXEVWDQWLDO HYLGHQFH ZKLFK VKRZV 1)ț% SOD\V D GLYHUVH UROH LQ SURFHVVHV UHODWLQJ WR
SUROLIHUDWLRQ DSRSWRVLV DQG DQWLJURZWK VLJQDOOLQJ DW DOO VWDJHV RI &5& GHYHORSPHQW LH
IURP DGHQRPD WKURXJK WR PHWDVWDWLF FDUFLQRPD DQG WKHUHIRUH RIIHUV H[FLWLQJ RSSRUWXQLWLHV
WKDW FRXOG EH H[SORLWHG FOLQLFDOO\
 $QJLRJHQHVLV
$QJLRJHQHVLV LV D KDOOPDUN RI FDQFHU GULYHQ E\ 9(*) ,Q DGGLWLRQ WR 9(*) &;&/
&;&/ ,/ DQG &2; DUH DOVR DQJLRJHQLF UHJXODWRUV XQGHU WKH LQIOXHQFH RI 1)ț%
 0RQRFORQDO DQWLERGLHV DJDLQVW 9(*) KDYH EHHQ XVHG WR WUHDW PHWDVWDWLF &5& IRU
VRPH WLPH 9(*) LV DOVR LQGXFLEOH XQGHU K\SR[LF FRQGLWLRQV E\ K\SR[LDLQGXFLEOH IDFWRU
+,) 7KHUH DUH WKUHH +,)Į SURWHLQV +,)Į +,)Į DQG +,)Į UHJXODWRU 7KH +,)
SDWKZD\ UHJXODWHV FHOOXODU UHVSRQVHV WR K\SR[LD DQG DOVR KDV D UROH LQ UHJXODWLQJ

LQIODPPDWLRQ DQG LPPXQH UHVSRQVHV YLD FURVVWDON ZLWK 1)ț%  7KH LPSRUWDQFH RI
WKLV FURVVWDON ZDV GHPRQVWUDWHG E\ D JURXS ZKR FRQILUPHG +,)Į LQKLELWLRQ E\ WKH 1)
ț% LQKLELWRU SDUWKHQROLGH OHDG WR GRZQUHJXODWLRQ RI K\SR[LDGHSHQGHQW DQJLRJHQHVLV LQ
+89(&V KXPDQ XPELOLFDO YHLQ HQGRWKHOLDO FHOOV UHGXFWLRQ LQ +,)Į WDUJHW JHQH
SURWHLQV DQG LQKLELWLRQ RI K\SR[LD LQGXFHG HSLWKHOLDOPHVHQFK\PDO WUDQVLWLRQ (07
)XUWKHUPRUH SDUWKHQROLGH WUHDWPHQW LQKLELWHG WXPRXU JURZWK DQJLRJHQHVLV DQG
SURJUHVVLRQ LQ &5& [HQRJUDIW PRGHOV  .QRFN GRZQ RI 1(02 LQ &5& FHOO OLQHV
UHVXOWHG LQ JUHDWHU 71)Į LQGXFHG DSRSWRVLV DQG UHGXFHG H[SUHVVLRQ RI DQJLRJHQLF IDFWRUV
,/ JURZWKUHJXODWHG DOSKD SURWHLQ *URĮ DQG PRQRF\WH FKHPRDWWUDFWDQW SURWHLQ 
0&3 ,Q YLYR WKLV NQRFNGRZQ UHVXOWHG LQ UHGXFHG DQJLRJHQHVLV WXPRXU YROXPHV
VHUXP DQG WXPRXU ,/ H[SUHVVLRQ DQG LPSURYHG WXPRXU UHJUHVVLRQ ZKHQ WUHDWHG ZLWK
IOXRURXUDFLO  ,Q &5& WLVVXH H[SUHVVLRQ RI 1)ț% S DVVRFLDWHV GLUHFWO\ ZLWK
H[SUHVVLRQ RI +,)Į 9(*) DQG KLVWRORJLFDO HYLGHQFH RI YDVFXODU LQYDVLRQ 
7KHVH VWXGLHV VXSSRUW WKH UROH RI 1)ț% DQJLRJHQHVLV DQG WXPRXU SURJUHVVLRQ LQ &5& DQG
KLJKOLJKW WKH LPSRUWDQFH RI XQGHUVWDQGLQJ FURVVWDON ZLWK RWKHU SDWKZD\V WR GHYHORS
WDUJHWHG WKHUDSLHV SDUWLFXODUO\ LQ WKRVH SDWLHQWV ZKR PD\ QRW UHVSRQG WR RU H[SHULHQFH
WR[LFLW\ ZLWK WKH DYDLODEOH DQWL9(*) WKHUDS\
 0HWDVWDVLV DQG VHOIVXIILFLHQF\ LQ JURZWK VLJQDOV
8QVXUSULVLQJO\ 1)ț% LV LQYROYHG LQ (07 RI WXPRXU FHOOV (07 UHVXOWV LQ HSLWKHOLDO FHOOV
DFTXLULQJ WKH LQYDVLYH DQG PHWDVWDWLF SURSHUWLHV RI PHVHQFK\PDO FHOOV DQG WKXV DUH
LPSRUWDQW LQ SURPRWLQJ FDQFHU PHWDVWDVLV 
&KHPRNLQHV KDYH EHHQ LPSOLFDWHG LQ WXPRXU PHWDVWDVHV &RORQ FHOOV WUDQVIHFWHG ZLWK
FKHPRNLQH &;&/ '1$ GLVSOD\HG KLJKHU PLJUDWLRQ UDWH DQG (07OLNH SKHQRW\SH ZLWK
LQFUHDVHG H[SUHVVLRQ RI (07 PDUNHUV 1FDGKHULQ 9LPHQWLQ DQG Į60$ DV ZHOO DV
DFWLYDWLRQ RI 3,.$NW1)ț% SDWKZD\ &;&/ WUDQVIHFWHG PLFH GLVSOD\HG PRUH UDSLG
WXPRXU JURZWK FRPSDUHG WR FRQWUROV 
2OIDFWRPHGLQV DUH D IDPLO\ RI SURWHLQV WKDW PHGLDWH GHYHORSPHQW RI WKH QHUYRXV V\VWHP
DQG KDHPDWRSRLHVLV 2OIDFWRPHGLQ  2/)0 LV DQ LQWHVWLQDO VWHP FHOO PDUNHU DQG D
WDUJHW RI WKH :QWȕFDWHQLQ SDWKZD\ $ UHFHQW VWXG\ UHSRUWHG 2/)0 DV D QHJDWLYH
UHJXODWRU RI :QWȕFDWHQLQ DQG 1)ț% SDWKZD\V ZLWK LQKLELWLRQ RI FRORQ FDQFHU
GHYHORSPHQW LQ $3& PXWDWHG PLFH  2OIDFWRPHGLQ  2/)0 DOVR KDV D WXPRXU

VXSSUHVVLYH UROH DQG LV DEOH WR VXSSUHVV JURZWK PLJUDWLRQ DQG LQYDVLRQ RI &5& FHOOV LQ
YLWUR $GGLWLRQDOO\ 2/)0 QHJDWLYHO\ UHJXODWHG QRQFDQRQLFDO 1)ț% DFWLYLW\ RI 1,.
.QRFNGRZQ RI 2/)0 SURPRWHG JURZWK DQG PHWDVWDVLV RI &5& FHOOV LQ YLYR /RZ
H[SUHVVLRQ RI 2/)0 LQ &5& WLVVXH ZDV DVVRFLDWHG ZLWK O\PSK QRGH LQYROYHPHQW GLVWDQW
PHWDVWDVHV DQG SRRU RYHUDOO VXUYLYDO 
0DWUL[ PHWDOORSURWHLQDVHV 003V DUH D IDPLO\ RI SURWHRO\WLF HQ]\PHV WKDW KDYH D
SK\VLRORJLFDO UROH LQ WLVVXH UHPRGHOOLQJ DQG DV VXFK DUH DEOH WR GHJUDGH WKH H[WUDFHOOXODU
PDWUL[ DQG IDFLOLWDWH WXPRXU LQYDVLRQ 2YHUH[SUHVVLRQ RI 003      DQG  KDV
EHHQ REVHUYHG LQ KXPDQ &5&  DQG ZDV DVVRFLDWHG ZLWK SRRU SURJQRVLV DQG PHWDVWDVLV
 7KH H[SUHVVLRQ RI 003 LV UHJXODWHG E\ VHYHUDO WUDQVFULSWLRQ IDFWRUV LQFOXGLQJ
1)ț%  7KH PHFKDQLVWLF OLQN EHWZHHQ 1)ț% DQG 003 ZDV VWXGLHG LQ &5&
FHOOV ODFNLQJ WKH ȕ VXEXQLW RI WKH ,.. FRPSOH[ DQG WKLV VKRZHG 1)ț% ,.. DFWLYLW\ DQG
S ZDV UHTXLUHG IRU 71)Į LQGXFHG 003 JHQH H[SUHVVLRQ 
1,. DQG ,..ȕELQGLQJ SURWHLQ 1,%3 KDYH EHHQ LPSOLFDWHG LQ WKH UHJXODWLRQ RI
F\WRNLQHLQGXFHG FDQRQLFDO 1)ț% VLJQDOOLQJ 1,%3 ZDV RYHU H[SUHVVHG LQ &5& WLVVXH DQG
ZDV DVVRFLDWHG ZLWK PHWDVWDVLV  1XGH PLFH LQMHFWHG ZLWK 1,%3 NQRFNGRZQ FHOOV
GHPRQVWUDWHG OHVV WXPRXU IRUPDWLRQ ZLWK QR GHWHFWDEOH WXPRXU DW  PRQWKV 
([SUHVVLRQ RI 1,%3 LQ  SDWLHQW WLVVXH VDPSOHV RI &5& ZDV DVVRFLDWHG ZLWK WXPRXU
PHWDVWDVLV 7KH VDPH VWXG\ GHPRQVWUDWHG 1,%3 RYHUH[SUHVVLRQ LQGXFHV DFWLYDWLRQ RI WKH
FDQRQLFDO 1)ț% SDWKZD\ LQ YLWUR $GGLWLRQDOO\ [HQRJUDIWV RI 1,%3RYHUH[SUHVVLQJ FHOOV
JHQHUDWHG OLYHU PHWDVWDVHV ZLWK LQFUHDVHG H[SUHVVLRQ RI S 003 DQG 003
VXJJHVWLQJ 1,%3 PD\ LQFUHDVH &5& PHWDVWDVHV YLD FDQRQLFDO 1)ț% DFWLYLW\ DQG
XSUHJXODWLRQ RI 003 DQG 003 
&\WRVNHOHWDO SURWHLQV )DVFLQ DQG (]ULQ KDYH DOVR EHHQ LPSOLFDWHG LQ (07 DQG PHWDVWDVLV
YLD 1)ț% DFWLYLW\ 
:KLOVW WKH EHQHILWV RI DQ DGDSWLYH LPPXQH UHVSRQVH LQ WKH &5& WXPRXU PLFURHQYLURQPHQW
KDV EHHQ ZLGHO\ GHPRQVWUDWHG DQG QRZ XQGHUSLQV WKHUDSHXWLF PDQLSXODWLRQ WKH LQQDWH
LPPXQH UHVSRQVH LV OHVV XQGHUVWRRG 6SHFLILFDOO\ WKH UROH RI WXPRXUDVVRFLDWHG
PDFURSKDJHV 7$0V LQ &5& LV FRQWURYHUVLDO DQG WKH PHFKDQLVPV EHKLQG SKHQRW\SLFDO
VNHZLQJ WRZDUGV HLWKHU 0OLNH SURLQIODPPDWRU\DQWLWXPRXU 7K UHVSRQVH RU 0OLNH
DQWLLQIODPPDWRU\SURWXPRXU 7K UHVSRQVH UHVSRQVH LV LQFRPSOHWHO\ XQGHUVWRRG 
,Q D VWXG\ RI NQRFN LQ PLFH H[SUHVVLQJ D GRPLQDQW QHJDWLYH IRUP RI ,..Į WUHDWPHQW ZLWK

FDUFLQRJHQ UHVXOWHG LQ PDUNHGO\ UHGXFHG DGHQRPD IRUPDWLRQ DW  ZHHNV ZLWK VPDOOHU
WXPRXUV DQG VORZHU SUROLIHUDWLRQ UDWHV 7KLV ZDV DVVRFLDWHG ZLWK LQFUHDVHG UHFUXLWPHQW RI
0 WXPRXULFLGDO OLNH P\HORLG FHOOV LQWR WKH WXPRXU ZKLFK ZDV QRW FHOODXWRQRPRXV EXW
GHSHQGHG RQ LQWHUDFWLRQ EHWZHHQ PXWDQW ,..Į HSLWKHOLDO DQG LPPXQH FHOOV  ,Q DQ
LQWHUHVWLQJ VWXG\ XVLQJ D PRGHO RI SHULWRQHDO PHWDVWDVLV LQ LPPXQHFRPSHWHQW PLFH
LQWUDSHULWRQHDO LQMHFWLRQ ZLWK ,ț%ĮVXSSUHVVHG FRORQ FHOOV LQGXFHG DQ 0OLNH PDFURSKDJH
SKHQRW\SH ZLWK UHGXFHG OLYHU DQG SHULWRQHDO PHWDVWDVHV LQ YLYR 7KLV ZDV DVVRFLDWHG ZLWK
LQFUHDVHG LQWUDWXPRXUDO DFWLYDWHG &' DQG &' 7 FHOOV DQG UHGXFHG DQJLRJHQHVLV 
7KLV VWXG\ VXJJHVWV WDUJHWLQJ 1)ț% FRXOG LQGXFH D SKHQRW\SLF VZLWFK IURP 0OLNH
LPPXQRVXSSUHVVLYH WR DQ 0DQWLWXPRXU PDFURSKDJH LQ &5&
$FWLYLQ $ LV D PHPEHU RI WKH 7*)ȕ VXSHUIDPLO\ DQG KDV EHHQ UHSRUWHG WR KDYH D UROH LQ
LQIODPPDWRU\ UHVSRQVHV  $FWLYLQ $ LV RYHUH[SUHVVHG LQ KXPDQ FRORUHFWDO WXPRXUV
HVSHFLDOO\ LQ VWDJH ,9 GLVHDVH VXJJHVWLQJ DFWLYLQ $ PD\ KDYH D UROH LQ DGYDQFHG &5& 
6LJQDOOLQJ SDWKZD\V IRU DFWLYLQ DQG 7*)ȕ DUH IUHTXHQWO\ GLVUXSWHG LQ &5&  $FWLYLQ
GRZQUHJXODWHV S DQG LQFUHDVHV PLJUDWLRQ DQG LQYDVLRQ RI FRORQ FDQFHU FHOOV  7KH
OLQN EHWZHHQ 1)ț% VLJQDOOLQJ DQG DFWLYLQ OLJDQG H[SUHVVLRQ ZDV LQYHVWLJDWHG E\ WKH VDPH
JURXS ZKR UHSRUWHG DFWLYLQ EXW QRW 7*)ȕ LQGXFHG 1)ț% DFWLYDWLRQ ZLWK VXEVHTXHQW
LQFUHDVHG 0'0 XELTXLWLQ OLJDVH DQG GHJUDGDWLRQ RI S YLD 3,. GHSHQGHQW PHFKDQLVP
)XUWKHU WR WKLV D IXQFWLRQDO UROH IRU 1)ț% LQ DFWLYLQLQGXFHG FRORQ FDQFHU FHOO PLJUDWLRQ
ZDV UHSRUWHG 
$OWRJHWKHU WKHVH ILQGLQJV IXUWKHU LPSOLFDWH 1)ț% LQ LPSRUWDQW FDQFHU SURFHVVHV VXFK DV
(07 DXWRQRPRXV JURZWK VLJQDOOLQJ DQG UHJXODWLRQ RI WKH WXPRXU PLFURHQYLURQPHQW
 1)ț% FURVVWDON ZLWK RWKHU VLJQDOOLQJ SDWKZD\V LQ &5&
7KHUH LV HYLGHQFH RI FURVV WDON EHWZHHQ FDQRQLFDO DQG QRQFDQRQLFDO 1)ț% SDWKZD\V
 1)ț% DQG D QXPEHU RI RWKHU SDWKZD\V DV ZHOO DV VWXGLHV GHPRQVWUDWLQJ WKH
DELOLW\ RI ,.. NLQDVHV WR GLUHFWO\ WDUJHW VXEVWUDWHV LQ DQ 1)ț% LQGHSHQGHQW PDQQHU
,/ FDQ VWLPXODWH 3,.$NWGHSHQGHQW DFWLYDWLRQ RI 1)ț% S LQGHSHQGHQW RI WKH
FODVVLFDO 1)ț% SDWKZD\  ,Q QRQFRORQ FHOOV RQFRJHQLF 5DV UHTXLUHG 3. DQG
$NW WR VWLPXODWH 1)ț%GHSHQGHQW WUDQVFULSWLRQ E\ WDUJHWLQJ WKH WUDQVDFWLYDWLRQ GRPDLQ RI
S UDWKHU WKDQ YLD FODVVLFDO GHJUDGDWLRQ RI ,ț% DQG VXEVHTXHQW WUDQVORFDWLRQ RI S WR WKH
QXFOHXV ZLWK UHVXOWLQJ UHGXFHG DSRSWRVLV  /RVV RI $3& IXQFWLRQ DQG GHUDQJHPHQW RI

:QWȕFDWHQLQ VLJQDOOLQJ KDYH EHHQ ILUPO\ LPSOLFDWHG LQ WKH GHYHORSPHQW RI &5&  ,W
KDV EHHQ UHSRUWHG WKDW ,..Į DQG ,..ȕ LQWHUDFWHG ZLWK DQG ZHUH DEOH WR SKRVSKRU\ODWH ȕ
FDWHQLQ ZLWK ,..Į VSHFLILFDOO\ DEOH WR LQFUHDVH ȕFDWHQLQGHSHQGHQW JHQH H[SUHVVLRQ LQ
FRORQ FDQFHU FHOO OLQHV  $ VHSDUDWH VWXG\ UHSRUWHG FRQVWLWXWLYH ,..ȕ H[SUHVVLRQ LQ
PRXVH ,(&V LQGXFHG VSRQWDQHRXV WXPRXU IRUPDWLRQ HQKDQFHG FKHPLFDO DQG $3&
PXWDWLRQPHGLDWHG FDUFLQRJHQHVLV DQG FRQWUDU\ WR SUHYLRXV UHSRUWV ZDV DVVRFLDWHG ZLWK
LQFUHDVHG H[SUHVVLRQ RI ȕFDWHQLQ  )XUWKHUPRUH LQ KXPDQ &5& WLVVXH LW KDV EHHQ
UHSRUWHG WKDW 3,.$NW,..Į SDWKZD\ UHJXODWHV 1)ț% DQG ȕFDWHQLQ ZLWK WKH DELOLW\ WR
LQIOXHQFH WUDQVFULSWLRQ RI JHQHV LPSOLFDWHG LQ DQJLRJHQHVLV DQG PHWDVWDVLV  :KHQ WKLV
HYLGHQFH LV FRQVLGHUHG DV D ZKROH LW VWURQJO\ VXSSRUWV WKH K\SRWKHVLV WKDW WKHUH LV DQ
LQWHUDFWLRQ EHWZHHQ WKH ȕFDWHQLQ 3,$.7 DQG 1)ț% SDWKZD\V LQ &5& GHYHORSPHQW
DQG SURJUHVVLRQ +RZHYHU LW LV XQFOHDU ZKHWKHU ,..ȕ LQWHUDFWV ZLWK :QWȕFDWHQLQ
VLJQDOOLQJ LQ DQ 1)ț%GHSHQGHQW RU LQGHSHQGHQW IDVKLRQ 
7KH 1)ț% DQG 67$7 LQWHUDFWLRQ LV LPSRUWDQW LQ RUFKHVWUDWLQJ WKH LPPXQH DQG
LQIODPPDWRU\ UHVSRQVH ZLWKLQ WKH WXPRXU PLFURHQYLURQPHQW DQG HDFK KDV GLVWLQFW
IXQFWLRQV LQ LPPXQH DQG FDQFHU FHOOV  1)ț% DQG 67$7 UHJXODWH FRPPRQ
SURFHVVHV DQG VKDUH UHJXODWRU\ ELQGLQJ VLWHV RI DQWLDSRSWRWLF FHOO F\FOH DQG SUROLIHUDWLRQ
WLVVXH UHVLVWDQFH DQG UHSDLU JHQHV LQ DGGLWLRQ WR JHQHV UHJXODWLQJ DQJLRJHQHVLVUHVSRQVHV WR
K\SR[LD FKHPRNLQH DQG F\WRNLQH H[SUHVVLRQ  $V ZHOO DV KDYLQJ GLVWLQFW DQG
RYHUODSSLQJ WDUJHW JHQHV DV GHPRQVWUDWHG E\ WKH SDWWHUQ RI WKHLU UHVSHFWLYH JHQH ELQGLQJ
VLWHV  1)ț% DQG 67$7 KDYH EHHQ VKRZQ WR SK\VLFDOO\ LQWHUDFW  ZLWK
67$7 FDXVLQJ WKH QXFOHDU UHWHQWLRQ RI 1)ț% 67$7 FDQ SURORQJ QXFOHDU UHWHQWLRQ RI
SKRVSKRU\ODWHG S  &RORFDOLVDWLRQ RI 67$7 DQG 1)ț% KDV EHHQ REVHUYHG LQ
&5& FHOO OLQHV  0LFUR51$V PL51$V IXQFWLRQ WR VXSSUHVV JHQH H[SUHVVLRQ DQG
KDYH EHHQ UHSRUWHG WR UHJXODWH 1)ț% DFWLYLW\  ,Q &5& FHOO OLQHV WUDQVIHFWHG
ZLWK PLFUR51$ PLPLFVLQKLELWRUV PL51$ DQG PL51$ DFWLYDWHG 1)ț% S
DQG 67$7 ZLWK DVVRFLDWHG LQFUHDVH LQ PL51$ DQG PL51$ VXJJHVWLQJ WKHVH
P51$V IXQFWLRQ LQ D SRVLWLYH IHHGEDFN UHJXODWRU\ ORRS WR LQFUHDVH 1)ț% DQG 67$7
DFWLYLW\ 67$7 DFWLYDWLRQ LV PHGLDWHG E\ WKH W\URVLQH NLQDVH -$. DV D UHVXOW RI F\WRNLQH
DFWLYLW\ HJ ,QWHUOXHNLQ ,/ ,/ LV SURGXFHG LQ DQ 1)ț% GHSHQGHQW PDQQHU ZLWKLQ
P\HORLG FHOOV LQ D PRGHO RI FROLWLVDVVRFLDWHG FDQFHU 7KH SURWXPRXULJHQLF HIIHFWV RI ,/
ZHUH PHGLDWHG E\ 67$7  67$7 DFWLYLW\ LV IRXQG LQ HSLWKHOLDO DQG O\PSKRF\WLF
FHOOV LQKLELWLRQ RI 67$7 LQ FRORQ FDQFHU FHOOV FXUEV WXPRXU FHOO SUROLIHUDWLRQ LQ
[HQRJUDIW PRGHOV RI &5&  ,Q &5& WLVVXH H[SUHVVLRQ RI 67$7 LV DVVRFLDWHG ZLWK
GRZQUHJXODWLRQ RI WKH ORFDO DGDSWLYH LPPXQH UHVSRQVH DQG GHFUHDVHG FDQFHUVSHFLILF

VXUYLYDO  1R DFWLYDWLQJ PXWDWLRQV LQ 1)ț% RU 67$7 KDYH EHHQ GHWHFWHG LQ &5&
VXJJHVWLQJ WKH\ DUH VHFUHWHG LQ D SDUDFULQH RU DXWRFULQH IDVKLRQ 
$GDSWLYH LPPXQLW\ LV LPSRUWDQW LQ FDQFHU LPPXQRVXUYHLOODQFH  DQG LQ &5& WKH
SUHVHQFH RI WXPRXU LQILOWUDWLQJ LPPXQH FHOOV 7K GHULYDWLYHV KDYH VKRZQ SURJQRVWLF
YDOXH LQGHSHQGHQW RI WKH ZLGHO\ XVHG 8,&&710 FODVVLILFDWLRQ  ,Q FRQWUDVW KLJK
H[SUHVVLRQ RI 7 KHOSHU FHOO  7K FHOOV LQ &5& ZDV DVVRFLDWHG ZLWK SRRU SURJQRVLV
 7KHUH DUH D QXPEHU RI VWXGLHV EDVHG RQ LQIODPPDWLRQDVVRFLDWHG FRORQ FDQFHU
PRGHOV WKDW LPSOLFDWH LQIODPPDWRU\ FHOOGHULYHG F\WRNLQHV ,/$ ,/ ,/ LQ
WXPRXULJHQHVLV  $ VWXG\ LQYHVWLJDWLQJ WKH LPPXQHLQIODPPDWRU\ LQILOWUDWH
DQG F\WRNLQH UHVSRQVH LQ VSRUDGLF &5& IRXQG QR GLIIHUHQFHV LQ LPPXQH FHOO FRPSRVLWLRQ
EHWZHHQ XQLQYROYHG PXFRVD DQG WXPRXU EXW GLG REVHUYH WKDW WKLV WUDQVLWLRQ LV PDUNHG E\ D
IXQFWLRQDO VZLWFK LQ 7 FHOOV OHDGLQJ WR WKH DFFXPXODWLRQ RI 7KUHODWHG F\WRNLQHV 71)Į
DQG ,/ $GGLWLRQDOO\ WXPRXULQILOWUDWLQJ O\PSKRF\WHGHULYHG VXSHUQDWDQW LQGXFHG
SUROLIHUDWLRQ RI FRORQ FDQFHU FHOO OLQHV ZLWK DFWLYDWLRQ DQG FRORFDOLVDWLRQ RI 1)ț% DQG
67$7 7KHVH ILQGLQJV ZHUH FRQILUPHG LQ D PRXVH PRGHO RI &5& ,QWHUHVWLQJO\ WKLV VWXG\
DOVR REVHUYHG WKDW DGPLQLVWUDWLRQ RI D FRPSRXQG WDUJHWLQJ 67$71)ț% DFWLYDWLRQ DQG
FURVVWDON UHGXFHG OHYHOV RI 67$71)ț%DFWLYDWLQJ F\WRNLQHV DQG WXPRXU JURZWK 
7KLV VWXG\ KLJKOLJKWV WKH LPSRUWDQFH RI XQGHUVWDQGLQJ WKH UHODWLRQVKLS EHWZHHQ LPPXQH
FHOO VXEW\SHV DQG F\WRNLQHV DQG WKHLU LQIOXHQFH RQ LQWUDFHOOXODU VLJQDOOLQJ SDWKZD\V LQ
VSRUDGLF &5& DV ZHOO DV KLJKOLJKWLQJ 67$71)ț% FURVVWDON DV D QRYHO WKHUDSHXWLF WDUJHW
LQ &5& 0RUHRYHU LW KLJKOLJKWV D GHILFLHQF\ LQ VWXGLHV RI 1)ț% LQ PRGHOV RI VSRUDGLF
&5&
(5. DQG 0(. RYHUH[SUHVVLRQ KDV EHHQ UHSRUWHG LQ KXPDQ DGHQRPDV DQG FDUFLQRPDV
DQG (5. H[SUHVVLRQ FRUUHODWHG ZLWK 1)ț% &RORQ FHOOV ZLWK RYHU DFWLYDWHG (5.
GLVSOD\HG LQFUHDVHG 1)ț% QXFOHDU WUDQVORFDWLRQ DQG WUDQVFULSWLRQDO DFWLYLW\ RUWKRSWLFDOO\
LPSODQWHG WXPRXUV ZLWK RYHU DFWLYDWHG 0(.(5. KDG JUHDWHU O\PSK QRGH PHWDVWDVLV
DOWRJHWKHU VXJJHVWLQJ 0(.(5.1)ț% VLJQDOOLQJ LV LPSOLFDWHG LQ WXPRXULJHQHVLV DQG
PHWDVWDVLV 
$V GLVFXVVHG SUHYLRXVO\ WKH +,) SDWKZD\V UHJXODWH FHOOXODU UHVSRQVH WR K\SR[LD DQG DOVR
KDYH D UROH LQ UHJXODWLQJ LQIODPPDWLRQ DQG LPPXQH UHVSRQVHV YLD FURVVWDON ZLWK 1)ț%
+,) DQG 1)ț% VKDUH FRPPRQ DFWLYDWLQJ VWLPXOL UHJXODWRUV DQG WDUJHWV  %RWK
DUH DFWLYDWHG LQ D 7$.GHSHQGHQW PDQQHU  DQG ,..ȕ GHILFLHQW PLFH GHPRQVWUDWH
GHIHFWLYH +,) H[SUHVVLRQ DQG LQGXFWLRQ RI WDUJHW JHQHV LQFOXGLQJ 9(*)  +LJK

H[SUHVVLRQ RI +,)Į LQ &5& WLVVXH LV DVVRFLDWHG ZLWK LQFUHDVLQJ WXPRXU VWDJH SRRU
WXPRXU GLIIHUHQWLDWLRQ O\PSKRYDVFXODU LQYDVLRQ &2; H[SUHVVLRQ DQG ZRUVH RYHUDOO
VXUYLYDO 
 1)ț% LQGHSHQGHQW UROHV RI ,..Į
7KH VWXG\ RI ,..Į LQ &5& KDV SURYLGHG LQVLJKWV LQWR LWV 1)ț% LQGHSHQGHQW IXQFWLRQV DQG
KLJKOLJKW LW DV DQ LPSRUWDQW SOD\HU LQ FRORUHFWDO FDUFLQRJHQHVLV &RQVWLWXWLYH DFWLYDWLRQ RI
,..Į UHVXOWHG LQ SKRVSKRU\ODWLRQ RI 6057 DW VHULQH  LQ &5& WLVVXH )XUWKHUPRUH
,..Į ELQGV WR 1RWFKGHSHQGHQW JHQH SURPRWHUV ZLWK UHVXOWDQW UHOHDVH RI FKURPDWLQERXQG
6057 DQG XSUHJXODWLRQ RI 1RWFKGHSHQGHQW JHQH DQG DQWLDSRSWRWLF F,$3 XSUHJXODWLRQ
 ,QKLELWLRQ RI ,..Į UHVWRUHG 6057 FKURPDWLQ ELQGLQJ ZLWK LQKLELWLRQ RI 1RWFK
GHSHQGHQW JHQH WUDQVFULSWLRQ DQG VXEVHTXHQW UHGXFWLRQ LQ WXPRXU VL]H LQ D &5& [HQRJUDIW
PRGHO  7KH VDPH JURXS KDYH UHSRUWHG D WUXQFDWHG LVRIRUP RI ,..Į ZLWK WKH
SUHGLFWHG PROHFXODU ZHLJKW RI NGD JHQHUDWHG E\ FDWKHSVLQPHGLDWHG FOHDYDJH RI IXOO
OHQJWK ,..Į )/,..Į ZLWKLQ HDUO\ HQGRVRPHV 1XFOHDU WUXQFDWHG ,..Į S,..Į
IRUPV D FRPSOH[ ZLWK IXOO OHQJWK ,..Į DQG 1(02 DQG LV UHVSRQVLEOH IRU UHJXODWLQJ
SKRVSKRU\ODWLRQ RI 6057 DQG KLVWRQH + 7KLV VWXG\ SURYLGHV HYLGHQFH WKDW S,..Į
UHVXOWHG LQ GLPLQLVKHG DSRSWRVLV LQ YLWUR DQG ZDV UHTXLUHG IRU &5& WXPRXU JURZWK LQ YLYR
 0RUH UHFHQWO\ WKH VDPH JURXS GHPRQVWUDWHG WKDW .5$6 DQG PXWDQW %5$)9(
FHOOV DUH GLIIHUHQW ZKLOVW .5$6 ZDV DEOH WR LQGXFH FDQRQLFDO 1)ț% VLJQDOOLQJ
%5$)9( GLG QRW KDYH WKH VDPH HIIHFW %5$)9(ZDV UHTXLUHG IRU S,..Į
SKRVSKRU\ODWLRQ LQ D 7$. GHSHQGHQW EXW 1)ț% LQGHSHQGHQW IDVKLRQ $GGLWLRQDOO\
HQGRVRPDO LQKLELWLRQ UHGXFHG SUROLIHUDWLRQ RI %5$)9( FHOOV LQ FXOWXUH DV ZHOO DV WXPRXU
JURZWK DQG PHWDVWDVLV LQ [HQRJUDIW PRGHOV RI &5& 7KH DGGLWLRQ RI DQ HQGRVRPDO LQKLELWRU
DSSHDUHG WR SRWHQWLDWH WKH HIIHFW RI ,ULQRWHFDQ LQ WKLV PRGHO )/,..Į 1(02 7$. DQG
%5$) ZHUH DVVRFLDWHG ZLWK WKH HQGRVRPDO FRPSDUWPHQW KRZHYHU WKH QDWXUH RI WKLV
DVVRFLDWLRQ LV XQFOHDU 
:KLOVW WKHUH LV VXIILFLHQW HYLGHQFH JDLQHG IURP FHOO OLQH DQG DQLPDO ZRUN UHODWLQJ WR
FURVVWDON EHWZHHQ ,..Į DQG RWKHU VLJQDOOLQJ SDWKZD\V LQ WKH GHYHORSPHQW DQG SURJUHVVLRQ
RI &5& WKHUH LV OLPLWHG HYLGHQFH WKDW WKLV LV FOLQLFDOO\ LPSRUWDQW GXH WR ODFN RI VWXGLHV
LQYHVWLJDWLQJ 1)ț% LQ SDWLHQW VSHFLPHQV DQG KRZ WKLV PD\ UHODWH WR SKHQRW\SLF WXPRXU
FKDUDFWHULVWLFV DQG SDWLHQW RXWFRPHV

 1)ț% DQG WKHUDSHXWLFV LQ FRORUHFWDO FDQFHU
,Q  *LOPRUH DQG +HUVRYLWFK UHSRUWHG RYHU  LQKLELWRUV RI WKH 1)ț% SDWKZD\
LQFOXGLQJ D YDULHW\ RI QDWXUDO DQG V\QWKHWLF PROHFXOHV 
&2; LV D WDUJHW JHQH RI 1)ț%  DQG LV UHVSRQVLEOH IRU SURVWDJODQGLQ V\QWKHVLV
GXULQJ LQIODPPDWLRQ &2; LV RYHUH[SUHVVHG LQ &5&  KDV EHHQ GLUHFWO\ OLQNHG WR
FRORUHFWDO WXPRXULJHQHVLV  DQG XQGHUSLQV WKH EDVLV RI QXPHURXV VWXGLHV
LQYHVWLJDWLQJ WKH FKHPRSURSK\ODFWLF UROH RI QRQVWHURLGDO DQWLLQIODPPDWRU\ GUXJV
16$,'V VXFK DV $VSLULQ DQG VHOHFWLYH &2; LQKLELWRUV  7KH PHFKDQLVP RI &2;
 LQGXFWLRQ LV QRW IXOO\ XQGHUVWRRG KRZHYHU LW KDV EHHQ UHSRUWHG WKDW LQ YLWUR LQKLELWLRQ RI
1)ț% FDQ UHGXFH &2; H[SUHVVLRQ LQ FRORUHFWDO FDQFHU FHOOV $GGLWLRQDOO\ LW KDV EHHQ
UHSRUWHG WKDW XSUHJXODWLRQ RI &2; LV DVVRFLDWHG ZLWK LQFUHDVHG H[SUHVVLRQ RI S S
DQG ,..Į LQ KXPDQ FRORUHFWDO FDQFHU WLVVXH DOWRJHWKHU VXJJHVWLQJ D UHODWLRQVKLS EHWZHHQ
1)ț% VLJQDOOLQJ DQG &2; H[SUHVVLRQ ± (SLGHPLRORJLFDO GDWD KDV
GHPRQVWUDWHG WKH SURWHFWLRQ FRQIHUUHG E\ $VSLULQ DJDLQVW &5&  )XUWKHU VWXGLHV KDYH
UHSRUWHG UHGXFHG ULVN RI FRORUHFWDO DGHQRPDV ZLWK UHJXODU $VSLULQ XVH ± 8VH RI
GDLO\ $VSLULQ ZDV DVVRFLDWHG ZLWK UHGXFWLRQ LQ LQFLGHQFH RI FRORUHFWDO DGHQRPDV LQ SDWLHQWV
ZLWK KLVWRU\ RI DGHQRPDV RU SUHYLRXV &5&  7KHUH DUH D QXPEHU RI DFWLYH FOLQLFDO
WULDOV DLPHG DW GHWHUPLQLQJ WKH ULVNEHQHILW SURILOH RI $VSLULQ DV D FKHPRSUHYHQWLYH DJHQW
1)ț% SOD\V D FHQWUDO UROH LQ DQWLDSRSWRWLF 16$,' DFWLYLW\ LQ &5& FHOOV LQ YLWUR ±
 %RWK $VSLULQ DQG 6XOLQGDF LQKLELW ,..ȕ  DQG $VSLULQ VSHFLILFDOO\ LV DEOH
WR LQGXFH SKRVSKRU\ODWLRQ DQG SURWHRVRPDOPHGLDWHG GHJUDGDWLRQ RI ,ț%Į DQG QXFOHDU
WUDQVORFDWLRQ RI S  $OWKRXJK $VSLULQ LV NQRZQ DV DQ LQKLELWRU RI 1)ț% LQ
[HQRJUDIW PRGHOV RI KXPDQ &5& $VSLULQ LQFUHDVHG OHYHOV RI SKRVSKRU\ODWHG ,ț%Į DQG
QXFOHDU S ZLWK DVVRFLDWHG DSRSWRWLF HIIHFW  7KHVH DSRSWRWLF HIIHFWV ZHUH DOVR
UHSRUWHG LQ FRORQ FHOOV LQ YLWUR LQGHSHQGHQW RI S RU 005 VWDWXV  ,W LV HYLGHQW WKDW
SDUW RI WKH FKHPRSURSK\ODFWLF QDWXUH RI $VSLULQ LQ &5& FDQ EH DWWULEXWHG WR 1)ț% DFWLYLW\
&XUFXPLQ LV D SRO\SKHQRO GHULYHG IURP WKH VSLFH WXUPHULF DQG LV DFWLYH DJDLQVW D QXPEHU
RI FHOO VLJQDOOLQJ SDWKZD\V LQFOXGLQJ 1)ț% ,Q 71) VWLPXODWHG FHOOV WUHDWHG ZLWK
FXUFXPLQ RQH VWXG\ UHSRUWHG DEVHQFH RI 1)ț% DFWLYLW\ E\ LQKLELWLRQ RI ,ț%Į
SKRVSKRU\ODWLRQ DQG WUDQVORFDWLRQ RI S WR WKH QXFOHXV  ,Q YLWUR FXUFXPLQ LQKLELWHG
&2; E\ LQKLELWLRQ RI 1,.,.. VLJQDOOLQJ DQG WKXV SUHYHQWHG SKRVSKRU\ODWLRQ RI ,ț% LQ
KXPDQ FRORQ FHOOV  &XUFXPLQ KDV EHHQ DQG FRQWLQXHV WR EH VWXGLHG H[WHQVLYHO\ ,W KDV
EHHQ UHSRUWHG WR UHGXFHG FRORQLF WXPRXULJHQHVLV LQ DQLPDO PRGHOV  DQG WR IDYRXU

SRODULVDWLRQ RI PDFURSKDJHV WRZDUG DQ DQWLWXPRXU 0,OLNH SKHQRW\SH LQ [HQRJUDIW PRGHOV
RI FRORQ FDQFHU  1)ț% DFWLYLW\ KDV EHHQ LPSOLFDWHG LQ FKHPR DQG UDGLRUHVLVWDQFH
 DQG FXUFXPLQ KDV EHHQ UHSRUWHG WR RYHUFRPH WKLV E\ EORFNLQJ 1)ț% DFWLYLW\
 7KH FRPELQDWLRQ RI FXUFXPLQ DQG FKHPRWKHUDSHXWLF DJHQW FDSHFLWDELQH HIIHFWLYHO\
UHGXFHG WXPRXU YROXPH SUROLIHUDWLRQ DQG PLFURYHVVHO GHQVLW\ LQ YLYR ZKHQ FRPSDUHG WR
FRQWUROV ZLWK DVVRFLDWHG VXSSUHVVLRQ RI 1)ț%UHJXODWHG JHQH SURGXFWV  ,Q D
VHSDUDWH VWXG\ FXUFXPLQ ZDV DEOH WR RYHUFRPH R[DOLSODWLQ UHVLVWDQFH YLD LQKLELWLRQ RI 1)
ț% LQ YLWUR  /DWHU WKH HIILFDFLRXV FRPELQDWLRQ RI FXUFXPLQ DQG R[DOLSODWLQ ZDV
REVHUYHG LQ [HQRJUDIW PRGHOV RI &5&  7KH VDPH JURXS DUH FXUUHQWO\ LQYHVWLJDWLQJ
WKH FRPELQDWLRQ RI FXUFXPLQ ZLWK )2/)2; FKHPRWKHUDS\ ZLWKLQ D SKDVH ,, FOLQLFDO WULDO
RI SDWLHQWV ZLWK PHWDVWDWLF &5& 
)RU FODVVLFDO 1)ț% DFWLYLW\ WKH SURWHDVRPH SOD\V DQ LPSRUWDQW UROH LQ GHJUDGDWLRQ RI ,ț%
LQKLELWRU\ SURWHLQ 3URWHRVRPH LQKLELWRU %RUWH]RPLE LV XVHG WR WUHDW PXOWLSOH P\HORPD DQG
KDV EHHQ LQYHVWLJDWHG LQ &5& /HXFRYRULQ LV RIWHQ JLYHQ LQ FRPELQDWLRQ ZLWK 
IOXRURXUDFLO )8 WR WUHDW PHWDVWDWLF &5& 7UHDWPHQW RI &5& FHOOV ZLWK OHXFRYRULQ DQG
%RUWH]RPLE HQKDQFHG FDVSDVH DFWLYLW\ DQG DSRSWRVLV PRUH HIIHFWLYHO\ WKDQ HLWKHU DJHQW
DORQH WKHVH ILQGLQJV ZHUH FRQILUPHG LQ PRXVH &5& [HQRJUDIWV  %RUWH]RPLE KDV
GHPRQVWUDWHG OLPLWHG HIILFDF\ LQ FRPELQDWLRQ ZLWK VWDQGDUG WUHDWPHQW LQ FOLQLFDO WULDOV RI
SDWLHQWV ZLWK PHWDVWDWLF &5& 
,..Į LQKLELWRUV
1)ț% DFWLYLW\ LQWHUIHUHV ZLWK WKH HIILFDF\ RI FKHPRWKHUDSHXWLF DJHQWV WKURXJK LQGXFWLRQ
RI DQWLDSRSWRWLF JHQHV 7KHUH LV QR GRXEW WKDW LQKLELWLQJ ,.. NLQDVHV VXSSUHVVHV &5&
WXPRXU JURZWK LQ YLYR DV ZHOO DV HQKDQFLQJ VHQVLWLYLW\ WR )8  $ QXPEHU
RI ,.. LQKLELWRUV KDYH EHHQ UHSRUWHG LQ WKH OLWHUDWXUH EXW QRQH KDYH PDGH LW LQWR FOLQLFDO
SUDFWLFH 8QWLO QRZ WRROV WR XQSLFN WKH H[DFW QDWXUH RI 1)ț% LQKLELWLRQ KDYH EHHQ OLPLWHG
GXH WR WKH EURDG VSHFWUXP DQG QRQVSHFLILF QDWXUH RI LQKLELWRUV +RZHYHU LW KDV QRZ EHHQ
UHSRUWHG WKDW ILUVWLQFODVV ,..Į VSHFLILF LQKLELWRUV DUH DYDLODEOH  7KHVH ,..Į
VHOHFWLYH LQKLELWRUV KDYH EHHQ GHYHORSHG E\ D WHDP DW WKH 8QLYHUVLW\ RI 6WUDWKFO\GH DQG
KDYH VKRZQ SURPLVLQJ UHVXOWV LQ SURVWDWH DQG SDQFUHDWLF FDQFHU WKH\ ZLOO EH LQYHVWLJDWHG LQ
FRORQ FDQFHU FHOO OLQHV ODWHU LQ WKLV WKHVLV

 1)ț% DV D ELRPDUNHU LQ &5&
$FWLYDWLRQ RI 1)ț% KDV EHHQ REVHUYHG LQ UHVSRQVH WR FKHPR DQG UDGLRWKHUDS\ ±
0XFK RI WKH GDWD UHODWLQJ WR 1)ț% DV D SUHGLFWRU RI WUHDWPHQW UHVLVWDQFH LQ &5& LV
SUHFOLQLFDO ± ,Q WKHVH VWXGLHV DEHUUDQW 1)ț% DFWLYLW\ KDV EHHQ LPSOLFDWHG LQ
UHVLVWDQFH WR GUXJV XVHG LQ WKH WUHDWPHQW RI &5& VXFK DV )8 R[DOLSODWLQ DQG LULQRWHFDQ
,ULQRWHFDQ LV XVHG IRU WKH WUHDWPHQW RI PHWDVWDWLF &5& +RZHYHU PDQ\ SDWLHQWV ZLOO
GHYHORS WUHDWPHQW UHVLVWDQFH DQG GLVHDVH SURJUHVVLRQ ZKLFK KDV EHHQ DWWULEXWHG WR
LULQRWHFDQPHGLDWHG 1)ț% DFWLYDWLRQ  7KH DGGLWLRQ RI DQ LQKLELWRU RI ,..Į WR
PRXVH [HQRJUDIW PRGHOV RI FRORQ FDQFHU SRWHQWLDWHG WKH DQWLWXPRXUDO HIIHFW RI LULQRWHFDQ
DQG LQFUHDVHG WKH VHQVLWLYLW\ RI FRORQ FHOOV WR )8 LQ YLWUR  :LWKLQ D FOLQLFDO WULDO RI
SDWLHQWV ZLWK LULQRWHFDQUHIUDFWRU\ PHWDVWDWLF &5& WUHDWHG ZLWK FHWX[LPDE DQG LULQRWHFDQ
SDWLHQWV ZLWK WXPRXUV WKDW H[SUHVVHG 1)ț% S KDG LQIHULRU UHVSRQVH UDWHV DQG RYHUDOO
VXUYLYDO FRPSDUHG WR WKRVH SDWLHQWV ZLWK WXPRXUV WKDW GLG QRW H[SUHVV 1)ț%  7KLV LV
RQH RI WKH RQO\ FOLQLFDO VWXGLHV WKDW KDV HYDOXDWHG 1)ț% LQ D SUHGLFWLYH FDSDFLW\
2YHUH[SUHVVLRQ RI S LQ &5& WLVVXH ZDV DVVRFLDWHG ZLWK LQFUHDVLQJ WXPRXU VWDJH
 DQG SRRU RYHUDOO VXUYLYDO  $ VWXG\ LQYHVWLJDWLQJ WKH SURJQRVWLF
VLJQLILFDQFH RI 1)ț% +,)Į DQG 9(*) H[SUHVVLRQ LQ  SDWLHQWV ZKR KDG XQGHUJRQH
SRWHQWLDOO\ FXUDWLYH UHVHFWLRQ IRU VWDJH ,,, &5& IRXQG WKDW 1)ț% H[SUHVVLRQ ZDV DQ
LQGHSHQGHQW SUHGLFWRU RI RYHUDOO VXUYLYDO $GGLWLRQDOO\ WKH  SDWLHQWV ZKR UHODSVHG KDG
LQIHULRU UHVSRQVH UDWHV DQG RYHUDOO VXUYLYDO WR SDOOLDWLYH FKHPRWKHUDS\ 
3DWLHQWV ZLWK PHWDVWDWLF &5& XQGHUJR WHVWLQJ WR GHWHUPLQH .5$6 VWDWXV WKLV SUDFWLFH LV
ZLGHO\ HVWDEOLVKHG DQG KDUERXULQJ WKH .5$6 PXWDWLRQ SUHFOXGHV WUHDWPHQW ZLWK DQWL
(*)5 PRQRFORQDO DQWLERG\ 1)ț% FDQ EH DFWLYDWHG WKURXJK WKH 5$65$) VLJQDOOLQJ
SDWKZD\ ([SUHVVLRQ RI RQFRJHQLF .5$6 KDV EHHQ UHSRUWHG WR UHVXOW LQ 1)ț% DFWLYDWLRQ
± .QRFNGRZQ RI .5$6 UHGXFHV H[SUHVVLRQ RI S DQG SKRVSKRU\ODWHG,ț%Į LQ
&5& FHOO OLQHV  6WXGLHV KDYH UHSRUWHG KLJKHU H[SUHVVLRQ RI 1)ț% S LQ &5&
WLVVXH RI SDWLHQWV ZLWK .5$6 PXWDWLRQ WKDQ WKRVH ZLWKRXW 1)ț% DFWLYDWLRQ LQ WKH
SUHVHQFH RI .5$6 PXWDWLRQ ZDV DVVRFLDWHG ZLWK LQIHULRU RYHUDOO VXUYLYDO LQ VWDJH ,,9
GLVHDVH DQG UHGXFHG UHVSRQVH WR FKHPRWKHUDS\ LQ SDWLHQWV ZLWK PHWDVWDWLF GLVHDVH 
+RZHYHU LQ D VWXG\ RI SDWLHQWV ZLWK .5$6 ZLOGW\SH PHWDVWDWLF &5& WUHDWHG ZLWK
LULQRWHFDQ DQG FHWX[LPDE  KDG WXPRXUV H[SUHVVLQJ S DQG WKLV ZDV DVVRFLDWHG ZLWK
SRRUHU SURJUHVVLRQIUHH DQG RYHUDOO VXUYLYDO WKDQ WKRVH SDWLHQWV ZLWK 1)ț% QHJDWLYH

WXPRXUV VXJJHVWLQJ 1)ț% H[SUHVVLRQ LV SURJQRVWLF LUUHVSHFWLYH RI .5$6 PXWDWLRQDO
VWDWXV
$ VWXG\ RI  SDWLHQWV LQYHVWLJDWLQJ WKH UHODWLRQVKLS EHWZHHQ UDGLRWKHUDS\ IRU UHFWDO FDQFHU
1)ț% DFWLYDWLRQ DQG WUHDWPHQW UHVSRQVH UHSRUWHG WKDW 1)ț% WDUJHW JHQHV ZHUH
XSUHJXODWHG LQ UHVSRQVH WR D VLQJOH IUDFWLRQ RI UDGLRWKHUDS\ KRZHYHU ZKLOVW H[SUHVVLRQ RI
1)ț% VXEXQLW S ZDV SURJQRVWLF IRU RYHUDOO VXUYLYDO LW ZDV QRW SUHGLFWLYH RI
SDWKRORJLFDO UHVSRQVH WR UDGLRWKHUDS\ 

 &KDSWHU FRQFOXVLRQV
7KLV FKDSWHU VXPPDULVHV HYLGHQFH IURP SUHFOLQLFDO WUDQVODWLRQDO DQG FOLQLFDO VWXGLHV WKDW
KDYH UHSRUWHG RQ 1)ț% ZLWK UHVSHFW WR WKH GHYHORSPHQW DQG SURJUHVVLRQ RI &5& 7KHUH LV
VXEVWDQWLDO HYLGHQFH LPSOLFDWLQJ 1)ț% LQ DOO VWDJHV RI &5& GHYHORSPHQW IURP HDUO\
DGHQRPD WR LQYDVLYH FDQFHU DQG PHWDVWDVLV 7KH UROH RI 1)ț% LQ &5& LV XQGRXEWHGO\
FRPSOH[ DQG WKLV FRPSOH[LW\ LV HQKDQFHG E\ WKH FURVVWDON RI 1)ț% ZLWK D PXOWLWXGH RI
VLJQDOOLQJ SDWKZD\V DQG UHJXODWRUV 7KHUHIRUH WRJHWKHU ZLWK LWV HVVHQWLDO UROH LQ QRUPDO
FHOOXODU SK\VLRORJ\ LW LV XQVXUSULVLQJ WKDW LQKLELWRUV RI 1)ț% KDYH \HW WR VXFFHVVIXOO\
HPHUJH LQWR FOLQLFDO SUDFWLFH
7KHUH LV D JURZLQJ ERG\ RI HYLGHQFH IURP VWXGLHV LQ FHOO OLQHV DQG DQLPDOV LPSOLFDWLQJ 1)
ț% DFWLYLW\ LQ WKH GHYHORSPHQW SURJUHVVLRQ DQG WUHDWPHQW UHVLVWDQFH RI &5& 0DQ\ VWXGLHV
IRFXV RQ WKH PHDVXUHPHQW RI S DFWLYLW\H[SUHVVLRQ DV D PHDVXUH RI 1)ț% DFWLYLW\ ZKLFK
UHIOHFWV WKH FDQRQLFDO SDWKZD\ 1RQFDQRQLFDO 1)ț% DFWLYLW\ LV ODUJHO\ XQGHUH[SORUHG
,PSRUWDQWO\ WKHUH LV D ODFN RI VWXGLHV LQ KXPDQ WLVVXH DQG WKHUHIRUH LQ XQGHUVWDQGLQJ WKH
UHODWLRQVKLS EHWZHHQ 1)ț% DQG SKHQRW\SLF WXPRXU FKDUDFWHULVWLFV ,W ZRXOG DOVR EH
SUXGHQW WR XQGHUVWDQG WKH UROH RI 1)ț% DFWLYLW\ LQ WKH GHYHORSPHQW RI SUHPDOLJQDQW
SRO\SV DQG WKHLU WUDQVIRUPDWLRQ LQWR LQYDVLYH FDQFHUV )LQDOO\ PROHFXODU DQG SKHQRW\SLF
VXEW\SHV RI &5& KDYH EHHQ SURSRVHG  DQG WKH VWXG\ RI 1)ț% LQ WKH FRQWH[W RI
WKHVH VXEW\SHV ZRXOG KHOS WR IXUWKHU GHFLSKHU WKH ELRORJ\ RI &5&

 5HVHDUFK DLPV DQG K\SRWKHVLV
7KLV DLP RI WKLV WKHVLV ZDV WR LQYHVWLJDWH WKH UROH RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LQ
&5& 7KH H[SUHVVLRQ RI NH\ FRPSRQHQWV RI HDFK SDWKZD\ ZDV LQYHVWLJDWHG XVLQJ DUFKLYDO
WLVVXH IURP SDWLHQWV ZKR KDG XQGHUJRQH VXUJLFDO UHVHFWLRQ IRU &5& DV ZHOO DV FRORQ FDQFHU
FHOO OLQHV
7KLV ZDV SHUIRUPHG LQ RUGHU WR WHVW WKH K\SRWKHVLV WKDW KLJK H[SUHVVLRQ RI WKH QRQ
FDQRQLFDO 1)ț% SDWKZD\ LV DVVRFLDWHG ZLWK SRRUHU RXWFRPH LQ SDWLHQWV ZLWK &5& 7KH
DLP RI WKLV VWXG\ ZDV WR XQGHUVWDQG WKH DVVRFLDWLRQ EHWZHHQ PHPEHUV RI WKH QRQFDQRQLFDO
1)ț% SDWKZD\ SDWLHQW DQG WXPRXU IDFWRUV VXUYLYDO DQG ZKHWKHU WKLV SDWKZD\ ZDV D
SRWHQWLDO WKHUDSHXWLF WDUJHW LQ &5& $ IXUWKHU DLP ZDV WR XQGHUVWDQG LI ,..Į LQKLELWLRQ
ZDV D YLDEOH WKHUDSHXWLF VWUDWHJ\ LQ &5& 7R DGGUHVV WKLV DQG WHVW WKH K\SRWKHVHV WKH PDLQ
REMHFWLYHV ZHUH DV IROORZV
 8QGHUVWDQG WKH UHODWLRQVKLS EHWZHHQ H[SUHVVLRQ RI QRQFDQRQLFDO 1)ț% SDWKZD\
PHPEHUV FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV IHDWXUHV RI WKH WXPRXU
PLFURHQYLURQPHQW DQG VXUYLYDO
 (VWDEOLVK LI H[SUHVVLRQ RI QRQFDQRQLFDO SDWKZD\ PHPEHUV FRXOG EH HPSOR\HG DV
SURJQRVWLF RU SUHGLFWLYH ELRPDUNHUV LQ &5&
 3HUIRUP SUHOLPLQDU\ H[SHULPHQWV WR DVVHVV WKH YLDELOLW\ RI LQKLELWLQJ ,..Į DV D






([SUHVVLRQ RI PHPEHUV RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ ZDV DVVHVVHG XVLQJ ,+&
LPPXQRKLVWRFKHPLVWU\ RQ D WLVVXH PLFURDUUD\ 70$ RI SDWLHQWV ZKR KDG XQGHUJRQH
VXUJLFDO UHVHFWLRQ IRU FRORUHFWDO FDQFHU
 $QWLERG\ YDOLGDWLRQ
,..Į DQG 5HO% KDG SUHYLRXVO\ EHHQ XVHG LQ WKH ODERUDWRU\ DQG KDG EHHQ YDOLGDWHG E\ 0U
/HZLV 0F.HQ]LH DQG 'U $QWRQLD 5RVHZHLU
3URWHLQ $QWLERG\ 9DOLGDWLRQ PHWKRG
1,. %LR7HFKQH
0$%
9DOLGDWHG LQ FRORQ FDQFHU FHOO OLQH
6LQJOH EDQG RQ :HVWHUQ EORW ± N'D
,..Į *HQZD\ *:%

9DOLGDWHG LQ SURVWDWH FDQFHU FHOO OLQHV
6LQJOH EDQG RQ :HVWHUQ EORW ± N'D
:HVWHUQ EORW RI ,..Į VLOHQFHG O\VDWHV
,+& RQ ,..Į VLOHQFHG FHOO SHOOHWV
5HO% &HOO 6LJQDOOLQJ 6 9DOLGDWHG LQ SURVWDWH FDQFHU FHOO OLQHV
6LQJOH EDQG RQ ZHVWHUQ EORW ± N'D
&HOOXODU ORFDWLRQ LQ FHOO SHOOHWV DIWHU O\PSKRWR[LQ
WUHDWPHQW
7DEOH  $QWLERG\ YDOLGDWLRQ 3URWHLQ RI LQWHUHVW DQWLERG\ XVHG DQG YDOLGDWLRQ PHWKRG
DUH GHWDLOHG DV ZHOO DV WXPRXU W\SHV WKDW DQWLERGLHV ZHUH YDOLGDWHG LQ
 3DWLHQW 70$
3UHYLRXVO\ FRQVWUXFWHG 70$V ZHUH XVHG LQ WKLV WKHVLV 7KH 70$V ZHUH FRQVWUXFWHG ZLWK
IRUPDOLQIL[HG SDUDIILQHPEHGGHG WLVVXH ))3( EORFNV UHWULHYHG IURP 3DWKRORJ\ DUFKLYHV
+DHPDWR[\OLQ DQG HRVLQ VWDLQHG VHFWLRQV ZHUH XVHG WR LGHQWLI\ WXPRXU ULFK DUHDV IURP HDFK
EORFN PDUNHG VOLGHV ZHUH PDWFKHG WR WKH ))3( EORFNV DQG IRXU PP FRUHV ZHUH OLIWHG
IURP HDFK GRQRU EORFN DQG SODFHG LQWR IRXU VHSDUDWH UHFLSLHQW SDUDIILQ EORFNV 7ZR




6WDJH DQG \HDU RI
GLDJQRVLV
3XUSRVH
  6WDJH ,,9 SDWLHQWV

7R LQYHVWLJDWH H[SUHVVLRQ RI QRQFDQRQLFDO





7R LQYHVWLJDWH H[SUHVVLRQ RI QRQFDQRQLFDO
1)ț% SDWKZD\ LQ HDUO\ VWDJH VFUHHQ
GHWHFWHG &5& SDWLHQWV
7DEOH  3DWLHQW 70$V 1XPEHU RI SDWLHQWV VWDJH DW GLDJQRVLV \HDU RI GLDJQRVLV DQG
SXUSRVH IRU LQYHVWLJDWLRQ
 &RKRUW  *ODVJRZ FRKRUW 70$
7KLV UHWURVSHFWLYH 70$ RI SDWLHQWV XQGHUJRLQJ VXUJHU\ IRU VWDJH ,,9 &5& ZDV
FRQVWUXFWHG E\ 'U -RKQDWKDQ 3ODWW DQG 'U $UIRQ 3RZHOO 7KLV FRKRUW LQFOXGHG  SDWLHQWV
ZKR ZHUH LGHQWLILHG IURP DFURVV WKH *ODVJRZ KRVSLWDOV *ODVJRZ 5R\DO ,QILUPDU\
*ODVJRZ :HVWHUQ ,QILUPDU\ *DUWQDYHO *HQHUDO +RVSLWDO DQG 6WREKLOO +RVSLWDO $
GDWDEDVH ZDV DYDLODEOH ZLWK FRUUHVSRQGLQJ FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV
PHDVXUHPHQWV UHODWLQJ WR WKH WXPRXU PLFURHQYLURQPHQW DQG SDWLHQW VXUYLYDO
&OLQLFDO IROORZ XS ZDV XSGDWHG XVLQJ 1+6 *UHDWHU *ODVJRZ 	 &O\GH 6DIH +DYHQ GDWD
0HGLDQ IROORZ XS WLPH IRU VXUYLYRUV ZDV  PRQWKV ,QWHUTXDUWLOH UDQJH ,45   ±
 PRQWKV $W ODVW IROORZ XS  SDWLHQWV KDG GLHG RI WKHLU GLVHDVH DQG  KDG GLHG DV D
UHVXOW RI RWKHU FDXVHV 6XUYLYDO GDWD ZDV PLVVLQJ IRU  SDWLHQWV &OLQLFDO HQGSRLQWV XVHG
ZHUH FDQFHUVSHFLILF VXUYLYDO &66 GHDWK GXH WR ORFRUHJLRQDO RU GLVWDQW UHFXUUHQFHV DQG
RYHUDOO VXUYLYDO 26 GHDWK GXH WR DQ\ RWKHU FDXVH
 &RKRUW  '0&5&70$ VFUHHQLQJ FRKRUW
7KLV UHWURVSHFWLYH 70$ RI SDWLHQWV ZKR KDG XQGHUJRQH HLWKHU SRO\SHFWRP\ RU VXUJLFDO
UHVHFWLRQ IRU VWDJH ,,,, VFUHHQGHWHFWHG &5& ZDV FRQVWUXFWHG E\ 0V &ODUH 2UDQJH 70$
DQG ,PDJH $QDO\VLV 8QLW 0DQDJHU 8QLYHUVLW\ 'HSDUWPHQW RI 3DWKRORJ\ 4XHHQ (OL]DEHWK
8QLYHUVLW\ +RVSLWDO *ODVJRZ
7KH SDWLHQWV ZLWKLQ WKH 70$ FRKRUW FDPH IURP RULJLQDO GDWD IRU WKH ILUVW URXQG RI J)2%7
JXDLDF IDHFDO RFFXOW EORRG WHVW VFUHHQLQJ FRQGXFWHG ZLWKLQ WKH *UHDWHU *ODVJRZ DQG
&O\GH KHDOWK ERDUG 2I WKH  SDWLHQWV ZKR ZHUH LGHQWLILHG DV KDYLQJ VFUHHQGHWHFWHG

&5&  UHFHLYHG SURFHGXUHV ZLWK D FXUDWLYH LQWHQW 3DWLHQWV ZLWK 7 GLVHDVH Q 
DQG WKRVH ZKR UHFHLYHG QHRDGMXYDQW FKHPRWKHUDS\ Q  ZHUH H[FOXGHG 7KH VOLGH IRU 
SDWLHQW FRXOG QRW EH REWDLQHG DW WKH WLPH RI 70$ FRQVWUXFWLRQ 7KLV OHIW D FRKRUW RI 
SDWLHQWV LGHQWLILHG DV KDYLQJ 7 GLVHDVH ZKR GLG QRW UHFHLYH QHRDGMXYDQW FKHPRWKHUDS\
$ IXUWKHU  SDWLHQWV ZHUH H[FOXGHG DV WKHUH ZDV XQFHUWDLQW\ RYHU WKHLU GLDJQRVLV IROORZLQJ
SDWKRORJLFDO H[DPLQDWLRQ  SDWLHQWV ZKR UHFHLYHG ORFDO UHFWDO UHVHFWLRQ DQG  SDWLHQWV ZLWK
QR UHVLGXDO WXPRXU ZHUH DOVR H[FOXGHG 7KLV OHIW D FRKRUW RI  SDWLHQWV ZKRVH WLVVXH ZDV
XVHG WR FRQVWUXFW D 70$
0LVV +DQQDK +RRG XSGDWHG FOLQLFDO IROORZ XS 0HGLDQ IROORZ XS WLPH IRU VXUYLYRUV ZDV
 PRQWKV ,45   ±  PRQWKV $W ODVW IROORZ XS  SDWLHQWV KDG GLHG RI WKHLU GLVHDVH
DQG  KDG GLHG EHFDXVH RI RWKHU FDXVHV &OLQLFDO HQGSRLQWV XVHG ZHUH 26
 &RQWURO WLVVXH
)XOO FRORUHFWDO WLVVXH VHFWLRQV DQG SUDFWLFH FRORUHFWDO FDQFHU 70$V ZLWKRXW OLQNHG FOLQLFDO
GDWD ZHUH DYDLODEOH IRU RSWLPLVDWLRQ RI DQWLERGLHV 7KHVH ZHUH XVHG DV SRVLWLYH DQG
QHJDWLYH FRQWUROV ZKHQ SHUIRUPLQJ ,+& 1HJDWLYH FRQWUROV ZHUH H[SRVHG WR WKH H[DFW VDPH
FRQGLWLRQV DV WKH SRVLWLYH FRQWUROV ZLWK WKH H[FHSWLRQ RI SULPDU\ DQWLERG\ LQFXEDWLRQ DW
ZKLFK WLPH WKH QHJDWLYH FRQWURO ZDV LQFXEDWHG LQ DQWLERG\ GLOXHQW DORQH
 ,PPXQRKLVWRFKHPLVWU\
,+& ZDV SHUIRUPHG RQ 70$V WR DVVHVV WKH H[SUHVVLRQ RI PHPEHUV RI WKH QRQFDQRQLFDO
1)ț% SDWKZD\ 7KH DLP RI ,+& LV WR DWWDFK D YLVLEOH VHFRQGDU\ DQWLERG\ WR D SULPDU\
DQWLERG\ WKDW UHFRJQLVHV D VSHFLILF DQWLJHQ WKH DQWLJHQ EHLQJ WKH PROHFXOH RI LQWHUHVW
(Q9LVLRQ70 LV XVHG DV D VHFRQGDU\ PDUNHU LW KDV D SRO\PHU EDFNERQH WR ZKLFK D ODUJH
QXPEHU RI KRUVHUDGLVK SHUR[LGDVH +53 PROHFXOHV DQG VHFRQGDU\ DQWLERG\ PROHFXOHV
KDYH EHHQ FRXSOHG 7KH VHFRQGDU\ DQWLERG\ UHDFWV ZLWK UDEELW DQG PRXVH LPPXQRJOREXOLQV
$IWHU LQFXEDWLRQ ZLWK (Q9LVLRQ70 '$%  ¶GLDPLQREHQ]LGLQH LV DSSOLHG +53
PROHFXOHV RQ WKH (Q9LVLRQ70 LQWHUDFW ZLWK WKH '$%K\GURJHQ SHUR[LGH VXEVWUDWH VROXWLRQ
UHVXOWLQJ LQ WKH GHSRVLWLRQ RI EURZQ SUHFLSLWDWH DW WKH VLWH RI DQWLJHQDQWLERG\ LQWHUDFWLRQ
7KLV EURZQ VWDLQLQJ FDQ EH YLVXDOLVHG XVLQJ D OLJKW PLFURVFRSH

 3UHSDUDWLRQ RI VOLGHV
2QFH DQWLERGLHV KDG EHHQ YDOLGDWHG DQG RSWLPLVHG 70$V ZHUH UHTXHVWHG IURP WKH 1+6
5HVHDUFK 6FRWODQG *UHDWHU *ODVJRZ DQG &O\GH %LRUHSRVLWU\ DQG ZHUH VWRUHG DW R& 3ULRU
WR SHUIRUPLQJ ,+& VOLGHV ZHUH EDNHG IRU  PLQXWHV DW R& WR UHGXFH WKH ULVN RI ORVW
FRUHV
 'HZD[LQJ DQG UHK\GUDWLRQ
6OLGHV ZHUH LPPHUVHG LQ VROYHQWV DQG JUDGHG DOFRKROV LQ RUGHU WR UHPRYH WKH ZD[
HPEHGGLQJ PDWUL[ DOORZLQJ DFFHVV WR WLVVXHV E\ DTXHRXV VROXWLRQV 'HZD[LQJ ZDV
SHUIRUPHG E\ LPPHUVLQJ VOLGHV LQ [\OHQH IRU  PLQXWHV [ DQG UHK\GUDWHG WKURXJK D
VHULHV RI JUDGHG DOFRKROV [  IRU  PLQXWHV [  DOFRKRO IRU  PLQXWHV DQG ILQDOO\
[  IRU  PLQXWHV DQG WKHQ ULQVHG LQ UXQQLQJ ZDWHU
 $QWLJHQ UHWULHYDO
7KH DLP RI DQWLJHQ UHWULHYDO LV WR EUHDN WKH SURWHLQ FURVVOLQNV IRUPHG E\ IRUPDOLQ IL[DWLRQ
WKHUHE\ XQPDVNLQJ WKH HSLWRSH WR DOORZ DQWLERG\ ELQGLQJ 7KLV ZDV SHUIRUPHG XVLQJ KHDW
LQGXFHG DQWLJHQ UHWULHYDO ZLWK D VROXWLRQ RI HLWKHU S+  FLWUDWH EXIIHU RU S+  7ULV('7$
EXIIHU 7DEOH  7KH FLWUDWH EXIIHU ZDV SUHSDUHG XVLQJ P0 WUL6RGLXP FLWUDWH GHK\GUDWH
6 )LVKHU 6FLHQWLILF /RXJKERURXJK 8. DQG P0 &LWULF DFLG  6LJPD
$OGULFK 3RROH 8. LQ / RI GLVWLOOHG ZDWHU 7KH 7ULV('7$ EXIIHU ZDV SUHSDUHG XVLQJ
P0 7ULV %DVH %3 )LVKHU 6FLHQWLILF /RXJKERURXJK 8. DQG P0
'LDPLQRHWKDQHWHWUDDFHWLF DFLG GLVRGLXP VDOW GHK\GUDWH ('7$ ' )LVKHU
6FLHQWLILF /RXJKERURXJK 8. LQ ,/ RI GLVWLOOHG ZDWHU
7KH EXIIHU VROXWLRQV ZHUH SUHKHDWHG LQ D PLFURZDYH IRU  PLQXWHV LQ DQ RSHQ SUHVVXUH
FRRNHU 2QFH KHDWHG VOLGHV ZHUH SODFHG LQVLGH WKH SUHVVXUH FRRNHU DQG WKH OLG ZDV VHFXUHG
7KH VOLGHV ZHUH KHDWHG IRU DSSUR[LPDWHO\  PLQXWHV XQWLO XQGHU SUHVVXUH IROORZHG E\ D
IXUWKHU  PLQXWHV RI KHDWLQJ XQGHU SUHVVXUH 6OLGHV ZHUH OHIW WR FRRO LQ WKH DQWLJHQ UHWULHYDO
EXIIHU IRU  PLQXWHV 2QFH FRROHG VOLGHV ZHUH ULQVHG LQ UXQQLQJ ZDWHU IRU  PLQXWHV
 %ORFNLQJ HQGRJHQRXV SHUR[LGDVH DFWLYLW\
:KHQ XVLQJ +53 FRXSOHG DQWLERGLHV IRU GHWHFWLRQ IDOVH SRVLWLYH VWDLQLQJ RU H[FHVVLYH
EDFNJURXQG VWDLQLQJ FDQ RFFXU 7KHUHIRUH LW LV LPSRUWDQW WR TXHQFK HQGRJHQRXV SHUR[LGDVH

WR SUHYHQW WKLV 7KLV ZDV GRQH E\ LQFXEDWLQJ WLVVXHV LQ D  K\GURJHQ SHUR[LGH VROXWLRQ IRU
 PLQXWHV 7KHUHDIWHU VOLGHV ZHUH ULQVHG LQ UXQQLQJ ZDWHU
 %ORFNLQJ QRQVSHFLILF ELQGLQJ
,QVXIILFLHQW EORFNLQJ FDQ UHVXOW LQ D KLJK OHYHO RI QRQVSHFLILF EDFNJURXQG VWDLQLQJ WR D
YDULHW\ RI SURWHLQV ZLWKLQ WKH WLVVXH 7KLV VWHS DLPV WR EORFN DOO SRWHQWLDO QRQVSHFLILF
DQWLERG\ RU LQGHHG DQ\ RWKHU GHWHFWLRQ UHDJHQW ELQGLQJ LW RFFOXGHV DQWLERG\ ELQGLQJ
H[FHSW ZKHUH WKH DQWLERG\ KDV FRPSHWLWLYH DGYDQWDJH DW LWV WDUJHW HSLWRSH
)LUVWO\ WLVVXH ZDV FLUFOHG ZLWK D 'DNR SHQ 6 'DNR $JLOHQW 7HFKQRORJLHV 6WRFNSRUW
8. WR FUHDWH D K\GURSKRELF EDUULHU HQVXULQJ WLVVXHV UHPDLQ FRYHUHG E\ WKH DSSOLHG
VROXWLRQV LQ WKH HQGHDYRXU WR SURGXFH D XQLIRUP VWDLQ DQG DOVR WR XVH UHDJHQWV
HFRQRPLFDOO\ %ORFNLQJ ZDV SHUIRUPHG ZLWK HLWKHU  KRUVH VHUXP 6 9HFWRU
/DERUDWRULHV 3HWHUERURXJK 8. RU ZLWK  [ &DVHLQ 63 9HFWRU /DERUDWRULHV
3HWHUERURXJK 8. DW  R& IRU  PLQXWHV %RWK EORFNLQJ DJHQWV ZHUH GLOXWHG LQ 7ULV








$QWLERG\ GLOXWLRQ 	 LQFXEDWLRQ
FRQGLWLRQV
1,. &LWUDWH S+  KRUVH VHUXP
 PLQV
 GLOXWLRQ RYHUQLJKW  R&
%LRWHFKQH 0$% PRXVH
,..Į &LWUDWH S+  KRUVH VHUXP
 PLQV




 [ FDVHLQ 
PLQV
 GLOXWLRQ RYHUQLJKW  R&
$EFDP DE UDEELW
,..Į 7 &LWUDWH S+  [ FDVHLQ 
PLQV






 GLOXWLRQ RYHUQLJKW R& &HOO
6LJQDOOLQJ 6 UDEELW
7DEOH  2SWLPDO DQWLERG\ FRQGLWLRQV IRU LPPXQRKLVWRFKHPLVWU\ 7KH DQWLJHQ UHWULHYDO
EXIIHU EORFNLQJ VROXWLRQ DQG DQWLERG\ LQFXEDWLRQ FRQGLWLRQV IRU HDFK SURWHLQ
 ,QFXEDWLRQ ZLWK SULPDU\ DQWLERG\
([FHVV EORFNLQJ VROXWLRQ ZDV WDSSHG RII DQG WLVVXH ZDV LPPHGLDWHO\ LQFXEDWHG LQ SULPDU\
DQWLERG\ ZLWK WKH H[FHSWLRQ RI QHJDWLYH FRQWURO WLVVXH $QWLERGLHV ZHUH GLOXWHG LQ DQWLERG\
GLOXHQW 6 'DNR $JLOHQW 7HFKQRORJLHV 6WRFNSRUW 8. DQG DSSOLHG WR WKH VOLGHV
7LVVXHV ZHUH LQFXEDWHG DW  R& RYHUQLJKW

 ,QFXEDWLRQ ZLWK VHFRQGDU\ DQWLERG\
6OLGHV ZHUH ZDVKHG LQ 7%6 IRU  PLQXWHV [ 7KHUHDIWHU VOLGHV ZHUH LQFXEDWHG LQ
(Q9LVLRQ70 . 'DNR $JLOHQW 7HFKQRORJLHV 6WRFNSRUW 8. ZKLFK GHWHFWV ERWK
PRXVH DQG UDEELW SULPDU\ DQWLERGLHV IRU  PLQV DW  R& 6OLGHV ZHUH ZDVKHG DJDLQ LQ
7%6 IRU  PLQXWHV [
 'HWHFWLRQ DQG YLVXDOLVDWLRQ
$ '$% SHUR[LGDVH NLW ZDV XVHG 6. 9HFWRU /DERUDWRULHV 3HWHUERURXJK 8. 
GURS RI '$% EXIIHU VROXWLRQ  GURSV RI '$% VXEVWUDWH VROXWLRQ DQG  GURS RI K\GURJHQ
SHUR[LGH VROXWLRQ ZDV DGGHG WR PO RI GLVWLOOHG ZDWHU 7KLV ZDV DSSOLHG WR WKH WLVVXH IRU 
PLQXWHV VOLGHV ZHUH WKHQ ZDVKHG LQ UXQQLQJ ZDWHU IRU  PLQXWHV
 &RXQWHUVWDLQLQJ
&RXQWHUVWDLQLQJ ZDV SHUIRUPHG E\ LPPHUVLQJ VOLGHV LQ +DUULV +DHPDWR[\OLQ /$0%
' 5D\PRQG $ /DPE /WG (DVWERXUQH 8. IRU  PLQXWH IROORZHG E\ D TXLFN GLS LQ 
DFLG DOFRKRO WR UHPRYH H[FHVV KDHPDWR[\OLQ 7LVVXH ZDV EOXHG LQ 6FRWW¶V 7DS :DWHU
6XEVWLWXWH 67:6 IRU  VHFRQGV $FLG DOFRKRO ZDV SUHSDUHG XVLQJ PO  HWKDQRO
DQG PO K\GURFKORULF DFLG 67:6 FRQWDLQHG P0 0DJQHVLXP VXOSKDWH  6LJPD
3RROH 8. DQG P0 VRGLXP K\GURJHQ FDUERQDWH : 9:5 3RROH 8. LQ / RI
GLVWLOOHG ZDWHU
 'HK\GUDWLRQ DQG PRXQWLQJ RI VOLGHV
)ROORZLQJ FRXQWHUVWDLQLQJ WLVVXHV ZHUH GHK\GUDWHG LQ D VHULHV RI JUDGHG DOFRKROV  [ 
IRU  PLQXWH  [  IRU  PLQXWH  [  IRU  PLQXWH DQG ILQDOO\  [ ;\OHQH IRU 
PLQXWH 6OLGHV ZHUH PRXQWHG ZLWK FRYHUVOLSV XVLQJ KLVWRORJLFDO PRXQWLQJ PHGLXP
2PQLPRXQW +6 6/6 1RWWLQJKDP 8.
 6FDQQLQJ DQG YLVXDOLVDWLRQ RI VOLGHV
6WDLQHG 70$ VOLGHV ZHUH VFDQQHG ZLWK D [ REMHFWLYH OHQV DQG 1$ QXPHULFDO DSHUWXUH
 ZKLFK JLYHV D VFDQQLQJ UHVROXWLRQ RI ȝPSL[HO 7LVVXHV ZHUH YLVXDOLVHG RQ D
6OLGHSDWK 'LJLWDO ,PDJH +XE /HLFD %LRV\VWHPV 1HZFDVWOH 8. &RUHV WKDW ZHUH PLVVLQJ
RU FRQWDLQHG OHVV WKDQ  WXPRXU ZHUH H[FOXGHG IURP DQDO\VLV

 6FRULQJ RI ,+&
 :HLJKWHG KLVWRVFRUH
(YDOXDWLRQ RI VWDLQLQJ LQWHQVLW\ ZDV SHUIRUPHG E\ REVHUYHUV EOLQGHG WR FOLQLFRSDWKRORJLFDO
GHWDLOV DQG VXUYLYDO RXWFRPHV 7KH ZHLJKWHG KLVWRVFRUH SUHYLRXVO\ GHVFULEHG E\
.LUNHJDDUG HW DO  ZDV XVHG WR TXDQWLI\ SURWHLQ H[SUHVVLRQ 7KLV PHWKRG JUDGHV
VWDLQLQJ DV DEVHQW  ZHDN  PRGHUDWH  RU VWURQJ  PXOWLSOLHG E\ WKH SHUFHQWDJH
DUHD RI WXPRXU FHOOV LQ HDFK FDWHJRU\ WR JLYH D VFRUH EHWZHHQ    2QH REVHUYHU EOLQGO\
VFRUHG DOO FRUHV D VHFRQG REVHUYHU WKHQ LQGHSHQGHQWO\ VFRUHG  RI FRUHV $OO REVHUYHUV
ZHUH EOLQGHG WR FOLQLFRSDWKRORJLFDO GHWDLOV SDWLHQW RXWFRPHV DQG WKH RWKHU REVHUYHU¶V
VFRUHV 6WDWLVWLFDO DQDO\VLV VSHFLILFDOO\ LQWHUFODVV FRUUHODWLRQ FRHIILFLHQW ,&&& ZDV
SHUIRUPHG WR HYDOXDWH LQWHUREVHUYHU UHOLDELOLW\ $Q ,&&&! ZDV FRQVLGHUHG DV KDYLQJ
VFRUHV ZLWK JRRG FRUUHODWLRQ
 6WDWLVWLFDO $QDO\VLV
7KUHVKROGV IRU SURWHLQ H[SUHVVLRQ ZHUH FDOFXODWHG XVLQJ UHFHLYHU RSHUDWLQJ FKDUDFWHULVWLF
52& FXUYH DQDO\VLV 7KH UHODWLRQVKLS EHWZHHQ FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG
F\WRSODVPLF DQG QXFOHDU H[SUHVVLRQ ZDV DVVHVVHG XVLQJ WKH &KLVTXDUH WHVW 7KH
UHODWLRQVKLS EHWZHHQ SURWHLQ H[SUHVVLRQ DQG  DQG \HDU &66 ZDV DVVHVVHG XVLQJ
.DSODQ0HLHU ORJUDQN DQDO\VLV DQG GLVSOD\HG DV SHUFHQWDJH VXUYLYLQJ VWDQGDUG HUURU
7KH UHODWLRQVKLS EHWZHHQ SURWHLQ H[SUHVVLRQ FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG &66
ZDV H[DPLQHG XVLQJ &R[ SURSRUWLRQDO KD]DUGV UHJUHVVLRQ ZLWK  FRQILGHQFH LQWHUYDOV
&, 9DULDEOHV ZLWK D SYDOXH  RQ XQLYDULDWH DQDO\VLV ZHUH HQWHUHG LQWR D PXOWLYDULDWH
PRGHO XVLQJ D EDFNZDUGV FRQGLWLRQDO PHWKRG WR FDOFXODWH KD]DUG UDWLRV +5 DQG  &,
$ SYDOXH  ZDV FRQVLGHUHG VWDWLVWLFDOO\ VLJQLILFDQW 6366 YHUVLRQ  ,%0 6366
ZDV XVHG IRU DOO VWDWLVWLFDO DQDO\VLV $OO VWDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG E\ P\VHOI DQG




,PPXQRIOXRUHVFHQFH ZDV XVHG WR LQYHVWLJDWH D GLVWLQFW SDWWHUQ RI VWDLQLQJ REVHUYHG ZLWK
,..Į 'XDO LPPXQRIOXRUHVFHQFH ZDV XVHG WR LQYHVWLJDWH ZKHWKHU ,..Į ZDV ORFDOLVHG WR D
VSHFLILF FHOOXODU VWUXFWXUH 7KH DLP RI LPPXQRIOXRUHVFHQFH LV WR XVH DQWLERGLHV WR ODEHO D
VSHFLILF DQWLJHQ ZLWK D IOXRUHVFHQW G\H IOXRURSKRUH ,PPXQRIOXRUHVFHQFH FDQ EH
SHUIRUPHG ZLWK D SULPDU\ RU VHFRQGDU\ WHFKQLTXH 7KH SULPDU\ RU GLUHFW WHFKQLTXH
HPSOR\V WKH XVH RI D VLQJOH DQWLERG\ WKDW LV FKHPLFDOO\ OLQNHG WR D IOXRURSKRUH 7KH
IOXRURSKRUH FDQ WKHQ EH GHWHFWHG ZLWK IOXRUHVFHQW PLFURVFRS\ 6HFRQGDU\ RU LQGLUHFW
LPPXQRIOXRUHVFHQFH XVHV WZR DQWLERGLHV ILUVWO\ DQ XQODEHOOHG SULPDU\ DQWLERG\ IROORZHG
E\ D VHFRQGDU\ DQWLERG\ WKDW LV FRQMXJDWHG WR WKH IOXURSKRUH UHFRJQLVHV WKH SULPDU\
DQWLERG\ DQG ELQGV WR LW 'XDO LPPXQRIOXRUHVFHQFH HPSOR\V WKH XVH RI SULPDU\ DQWLERGLHV
UDLVHG LQ GLIIHUHQW KRVW VSHFLHV ZLWK PDWFKLQJ VHFRQGDU\ DQWLERG\ WKDW DOORZV DVVHVVPHQW RI
FRGLVWULEXWLRQ RI WZR RU PRUH GLIIHUHQW DQWLJHQV ZLWKLQ WKH VDPH VDPSOH
 'HZD[LQJ DQG UHK\GUDWLRQ
7LVVXHV ZHUH GHZD[HG DQG UHK\GUDWHG DV GHVFULEHG LQ VHFWLRQ  ZLWK WKH IROORZLQJ
H[FHSWLRQV
'HZD[LQJ RI WLVVXHV LQ [\OHQH ZDV LQFUHDVHG WR  PLQXWHV [
 3URWHDVH VWHS
2SWLPLVDWLRQ RI WKH *ROJL DQWLERG\ UHTXLUHG D SURWHDVH VWHS SULRU WR KHDWLQGXFHG DQWLJHQ
UHWULHYDO )ROORZLQJ UHK\GUDWLRQ WLVVXHV ZHUH LQFXEDWHG LQ 3URWHDVH 3OXV 
$GYDQFHG &HOO 'LDJQRVWLFV %LR7HFKQH $ELQJGRQ 8. IRU  PLQXWHV DW & LQ D
WHPSHUDWXUHFRQWUROOHG KXPLGLI\LQJ FKDPEHU +\E(] ,, 2YHQ70 $GYDQFHG &HOO
'LDJQRVWLFV %LR7HFKQH $ELQJGRQ 8. 6OLGHV ZHUH FRROHG IRU  PLQXWHV EHIRUH
ZDVKLQJ LQ UXQQLQJ ZDWHU IRU  PLQXWHV
 $QWLJHQ UHWULHYDO
,Q DGGLWLRQ WR WKH DQWLJHQ UHWULHYDO PHWKRGV GHVFULEHG LQ VHFWLRQ  D ZDWHU EDWK ZDV
DOVR XVHG 'DNR WDUJHW DQWLJHQ UHWULHYDO VROXWLRQ S+ [ 6 'DNR $JLOHQW
7HFKQRORJLHV 6WRFNSRUW 8. ZDV GLOXWHG ZLWK GLVWLOOHG ZDWHU WR JLYH D  GLOXWLRQ 7KH
VROXWLRQ ZDV SUHKHDWHG LQ D ZDWHU EDWK DQG RQFH D WHPSHUDWXUH RI & ZDV UHDFKHG
VOLGHV ZHUH LPPHUVHG LQWR WKH DQWLJHQ UHWULHYDO VROXWLRQ DQG LQFXEDWHG IRU  PLQXWHV

6OLGHV ZHUH OHIW WR FRRO LQ WKH DQWLJHQ UHWULHYDO VROXWLRQ IRU  PLQXWHV 2QFH FRROHG VOLGHV
ZHUH ZDVKHG LQ UXQQLQJ ZDWHU IRU  PLQXWHV
 %ORFNLQJ QRQVSHFLILF ELQGLQJ
7LVVXHV ZHUH FLUFOHG ZLWK 'DNR SHQ 6 $JLOHQW 7HFKQRORJLHV 6WRFNSRUW 8. 7R
EORFN QRQVSHFLILF ELQGLQJ VOLGHV ZHUH LQFXEDWHG LQ HLWKHU  KRUVH VHUXP 6 9HFWRU
/DERUDWRULHV 3HWHUERURXJK 8. RU  IHWDO ERYLQH VHUXP )%6  ,Q9LWURJHQ
3DLVOH\ 8. %ORFNLQJ DJHQWV ZHUH GLOXWHG LQ 7%6
 ,QFXEDWLRQ ZLWK SULPDU\ DQWLERG\
3ULPDU\ DQWLERG\ ZDV GLOXWHG LQ WKH EORFNLQJ VROXWLRQ DV XVHG LQ  RU 7%6 WR
SURGXFH WKH DSSURSULDWH FRQFHQWUDWLRQV ([FHVV EORFNLQJ VROXWLRQ ZDV WDSSHG RII DQG
WLVVXHV ZHUH LQFXEDWHG LQ WKH SULPDU\ DQWLERG\ RYHUQLJKW DW  R& :KHQ SHUIRUPLQJ GXDO
IOXRUHVFHQFH SULPDU\ DQWLERGLHV ZHUH SUHSDUHG DV D PL[WXUH DQG DSSOLHG WR WLVVXHV
 ,QFXEDWLRQ ZLWK VHFRQGDU\ DQWLERG\
7KH IROORZLQJ GD\ VOLGHV ZHUH ULQVHG LQ 7%6 IRU  PLQXWHV [ 7KHUHDIWHU WLVVXHV ZHUH
LQFXEDWHG LQ V\QWKHWLF IOXRUHVFHQW G\H GLOXWHG LQ WKH DSSURSULDWH EORFNLQJ VROXWLRQ RU 7%6
WKDW LV FRQMXJDWHG WR DQ DQWLERG\ $SSOLFDWLRQ RI WKH VHFRQGDU\ DQWLERG\ DQG WKH UHPDLQGHU
RI WKH H[SHULPHQW ZDV SHUIRUPHG LQ D GDUNHU DUHD RXW RI GLUHFW OLJKW 7KLV LV EHFDXVH
H[WHQVLYH H[SRVXUH WR OLJKW FDQ UHVXOW LQ SKRWREOHDFKLQJ RI WKH G\H DQG WKXV DIIHFW
VHFRQGDU\ DQWLERG\ FRQMXJDWH SHUIRUPDQFH :KHQ SHUIRUPLQJ GXDO IOXRUHVFHQFH
































































































7DEOH  2SWLPDO DQWLERG\ FRQGLWLRQV IRU LPPXQRIOXRUHVFHQFH 7KH DQWLJHQ UHWULHYDO
EXIIHU EORFNLQJ VROXWLRQ SULPDU\ DQG VHFRQGDU\ DQWLERG\ LQFXEDWLRQ FRQGLWLRQV IRU HDFK
SURWHLQ

 &RXQWHUVWDLQLQJ RI QXFOHDU '1$ PDWHULDO DQG PRXQWLQJ
6OLGHV ZHUH ULQVHG LQ 7%6 IRU  PLQXWHV [ DQG PRXQWHG XVLQJ 9(&7$6+,(/'
0RXQWLQJ 0HGLXP ZKLFK FRQWDLQHG WKH QXFOHDU FRXQWHUVWDLQ '$3, + 9HFWRU
/DERUDWRULHV 3HWHUERURXJK 8. '$3, LV D QXFOHLF DFLG VWDLQ WKDW SUHIHUHQWLDOO\ VWDLQV
GRXEOHVWUDQGHG '1$ DQG 51$ (GJHV RI FRYHUVOLSV ZHUH VHDOHG ZLWK QDLO YDUQLVK DQG
VOLGHV ZHUH ZUDSSHG LQ WLQIRLO DQG VWRUHG DW R& XQWLO WKH\ ZHUH YLVXDOLVHG ZLWK D FRQIRFDO
PLFURVFRSH
 9LVXDOLVDWLRQ
$ =HLVV /60  FRQIRFDO PLFURVFRSH ZDV XVHG WR REWDLQ LPPXQRIOXRUHVFHQW LPDJHV
IURP 70$V 8VLQJ D [ REMHFWLYH OHQV LPDJHV ZHUH WDNHQ ZLWK D [ RLO LPPHUVLRQ OHQV
ZKHUH D VPDOO GURS RI LPPHUVLRQ RLO ZDV SODFHG LQ WKH FHQWUH RI WKH FRYHUVOLS SULRU WR
LPDJLQJ ,PDJHV ZHUH VDYHG XVLQJ =(1  VRIWZDUH =HLVV *HUPDQ\
0LFURVFRSHV DW WKH &58. %HDWVRQ ,QVWLWXWH ,PDJLQJ )DFLOLW\ *ODVJRZ ZHUH DOVR XVHG
)RU LPPXQRKLVWRFKHPLVWU\ DQ 2O\PSXV %; [  1$ RLO OHQV ZLWK D =HLVV $[LRFDP
 FRORXU FDPHUD ZDV XVHG )RU IOXRUHVFHQFH D =HLVV /60 $LU\VFDQ PLFURVFRSH
XVLQJ D [  1$ =HLVV 3ODQ DSRFKURPDW RLO OHQV ZDV XVHG LQ $LU\VFDQ µVXSHUUHVROXWLRQ¶
PRGH ZLWK VHTXHQWLDO VFDQQLQJ WKURXJK D GLIIHUHQW HPLVVLRQ ILOWHU IRU WKH JUHHQ DQG UHG
FKDQQHOV WR PLQLPLVH FURVV WDON ZLWK GHIDXOW SURFHVVLQJ VHWWLQJV 7KH LPDJHV ZHUH
GLVSOD\HG XVLQJ ,PDULV %LWSODQH

 ,Q YLWUR VWXGLHV
 &XOWXULQJ RI FRORQ FDQFHU FHOO OLQHV
+7 DQG 7 FRORQ FDQFHU FHOOV ZHUH FXOWXUHG &HOOV ZHUH FXOWXUHG LQ PHGLXP ZLWK )%6
DQG  8QLWVPO 3HQLFLOOLQ6WUHSWRP\FLQ  /LIH 7HFKQRORJLHV 3DLVOH\ 8.
&HOOV ZHUH JURZQ LQ 7 IODVNV DQG PDLQWDLQHG LQ  &2 DW Û& ZLWK PHGLD FKDQJHG
WZLFH SHU ZHHN DQG FHOOV SDVVDJHG RQFH D FRQIOXHQF\ RI  ZDV UHDFKHG 7R SDVVDJH FHOOV
IODVNV ZHUH ZDVKHG RQFH ZLWK 3%6 ZLWKRXW PDJQHVLXP DQG FDOFLXP PO RI WU\SVLQ ZDV
WKHQ DGGHG WR UHPRYH WUDFHV RI VHUXP $IWHU WKLV ZDV UHPRYHG PO RI WU\SVLQ ZDV DGGHG WR
GHWDFK FHOOV IURP WKH IODVN DQG WKHQ LQFXEDWHG DW Û& LQ  &2 XQWLO FHOOV GHWDFKHG
2QFH WKH FHOOV KDG GHWDFKHG PHGLXP ZDV DGGHG WR LQDFWLYDWH WU\SVLQ &HOOV ZHUH FDUHIXOO\
SLSHWWHG RQ WKH VLGH RI WKH IODVN WR IUHH DQ\ FOXVWHUV EHIRUH EHLQJ VSOLW  LQWR QHZ 7
IODVNV ZLWK IUHVK PHGLXP &HOOV ZHUH URXWLQHO\ WHVWHG IRU P\FRSODVPD WZLFH D \HDU
































7DEOH  &HOO OLQHV &HOO OLQH QDPH DVVRFLDWHG PROHFXODU FKDUDFWHULVWLFV ±
LQFXEDWLRQ FRQGLWLRQV

 6WLPXODWLRQ RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LQ FRORQ
FDQFHU FHOOV
7R DFWLYDWH WKH QRQFDQRQLFDO 1)ț% SDWKZD\ DQG VWLPXODWH H[SUHVVLRQ RI SDWKZD\
PHPEHUV +7 DQG 7 FHOOV ZHUH VWLPXODWHG ZLWK OLJDQGV RYHU D QXPEHU RI WLPH SRLQWV
DQG H[WUDFWLRQ RI SURWHLQV ZDV SHUIRUPHG WR REVHUYH H[SUHVVLRQ RI SDWKZD\ PHPEHUV 7KH
IROORZLQJ OLJDQGV ZHUH XVHG
¾ /\PSKRWR[LQ Įȕ
QJPO O\PSKRWR[LQ Įȕ / 6LJPD$OGULFK 3RROH 8. ZDV XVHG IRU    
DQG KRXU WLPH SRLQWV
¾ 71)Į
QJPO 71)Į 653 6LJPD$OGULFK 3RROH 8. ZDV XVHG IRU     DQG 
KRXU WLPH SRLQWV
)RU ZHVWHUQ EORW FHOOV ZHUH VHHGHG LQ  ZHOO SODWHV DW [ FHOOVZHOO JURZQ WR 
FRQIOXHQF\ EHIRUH EHLQJ VHUXP VWDUYHG LQ PHGLD ZLWK QR )%6 IRU  KRXUV IROORZHG E\
VWLPXODWLRQ ZLWK OLJDQG DW WKH DSSURSULDWH FRQFHQWUDWLRQ DQG WLPH SRLQW EHIRUH SURWHLQ ZDV
O\VHG VHFWLRQ 
 ,QKLELWLRQ RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LQ FRORQ
FDQFHU FHOOV
&HOOV ZHUH VHHGHG LQ  ZHOO SODWHV DW [ FHOOVZHOO JURZQ WR  FRQIOXHQF\ EHIRUH
EHLQJ VHUXP VWDUYHG LQ PHGLD ZLWK QR )%6 IRU  KRXUV &HOOV ZHUH WKHQ SUHWUHDWHG ZLWK
,..Į LQKLELWRU 68  ZLWK VHULDO GLOXWLRQV RI P0 VWRFN EHIRUH DGGLWLRQ RI
VWLPXODWLQJ OLJDQG O\PSKRWR[LQ Įȕ QJPO

 :HVWHUQ EORWWLQJ
 /\VLV RI SURWHLQ
&HOOV ZHUH H[SRVHG WR WKH DSSURSULDWH DJRQLVW DQG OHQJWK RI WLPH DQG WKHQ SODFHG RQ LFH WR
KDOW IXUWKHU UHDFWLRQV DQG SUHYHQW SURWHLQ GHJUDGDWLRQ RU GHSKRVSKRU\ODWLRQ &HOOV ZHUH
ZDVKHG WZLFH ZLWK ȝO LFH FROG 3%6 DQG WKHQ ȝO RI SUHKHDWHG /DHPPOL¶V VDPSOH
EXIIHU &HOOV ZHUH VFUDSHG DQG SXVKHG WKURXJK D JDXJH QHHGOH WR VKHDU FKURPRVRPDO
'1$ 7KH VDPSOHV ZHUH WKHQ WUDQVIHUUHG WR (SSHQGRUI WXEHV ERLOHG IRU  PLQXWHV WR
GHQDWXUH SURWHLQV DQG VWRUHG DW & XQWLO UHTXLUHG
 6'63RO\DFU\ODPLGH *HO (OHFWURSKRUHVLV 6'63$*(
5HVROYLQJ JHOV ZHUH SUHSDUHG FRQWDLQLQJ  6'6 VRGLXP GRGHF\O VXOSKDWH 0 7ULV
EDVH S+   JO\FHURO  $PPRQLXP SHUVXOIDWH $36 
DFU\ODPLGHELVDFU\ODPLGH DQG GLVWLOOHG ZDWHU WR PDNH XS PO LQ WRWDO 0RVW SURWHLQV ZHUH
VXLWDEOH WR EH VHSDUDWHG RQ  JHOV PO  DFU\ODPLGH LQ PO WRWDO YROXPH EXW GXH
WR VL]H DQG ODFN RI VSHFLILFLW\ RI WKH SKRVSKRS DQWLERG\ D  PO  DFU\ODPLGH
LQ PO WRWDO YROXPH JHO ZDV UHTXLUHG WR DOORZ VHSDUDWLRQ RI SURWHLQV 
WHWUDPHWK\OHWK\OHQHGLDPLQH 7(0(' ZDV DGGHG WR EHJLQ WKH SRO\PHULVDWLRQ SURFHVV
*ODVV SODWHV ZHUH VHW XS RQ D 0LQL3527($1 7HWUD FHOO FDVWLQJ PRGXOH DQG WKH VROXWLRQ
ZDV SRXUHG EHWZHHQ WZR SODWHV ZLWK ȝO RI  6'6 DGGHG RQ WRS 2QFH JHO
SRO\PHULVDWLRQ KDG RFFXUUHG WKH 6'6 VROXWLRQ ZDV UHPRYHG DQG VWDFNLQJ JHO FRQWDLQLQJ
 DFU\ODPLGH  6'6  $36 DQG  7(0(' ZDV SRXUHG RQ WRS RI WKH
UHVROYLQJ JHO DQG D FRPE ZDV LQVHUWHG 2QFH SRO\PHULVDWLRQ ZDV FRPSOHWH WKH FRPE ZDV
FDUHIXOO\ UHPRYHG DQG JHOV ZHUH DVVHPEOHG LQ D %LR5DG 0LQL3527($1 HOHFWURSKRUHVLV
WDQN ILOOHG ZLWK HOHFWURSKRUHVLV UXQQLQJ EXIIHU P0 7ULV P0 JO\FLQH 6'6
O GHSHQGLQJ RQ WKH SURWHLQ EHLQJ LQYHVWLJDWHG RI VDPSOH ZDV ORDGHG SHU ZHOO XVLQJ
D +DPLOWRQ PLFURV\ULQJH $ SUHVWDLQHG PDUNHU RI NQRZQ PROHFXODU ZHLJKWV 
%LR5DG :DWIRUG 8. ZDV UXQ RQ WKH VDPH JHO LQ RUGHU WR LGHQWLI\ WKH SURWHLQ RI LQWHUHVW
E\ VL]H DQG HQVXUH VXFFHVVIXO WUDQVIHU RQWR WKH PHPEUDQH (OHFWURSKRUHVLV ZDV SHUIRUPHG
DW D FRQVWDQW YROWDJH RI 9 IRU XVXDOO\  PLQXWHV XQWLO EURPRSKHQRO EOXH G\H KDG
UHDFKHG WKH ERWWRP RI WKH JHO

 3URWHLQ WUDQVIHU
7UDQVIHU RI SURWHLQV IURP WKH JHO WR QLWURFHOOXORVH PHPEUDQH ,39+ 0LOOLSRUH
:DWIRUG 8. ZDV SHUIRUPHG E\ HOHFWURSKRUHWLF EORWWLQJ LQ ZHW FRQGLWLRQV 8VLQJ D %LR
5DG FDVVHWWH D VDQGZLFK RI VSRQJH ILOWHU SDSHU JHO PHPEUDQH ILOWHU SDSHU DQG VSRQJH
ZDV LPPHUVHG LQ WUDQVIHU EXIIHU P0 7ULV P0 JO\FLQH  PHWKDQRO DQG VORWWHG
LQWR D %LR5DG 0LQL3527($1 HOHFWURSKRUHVLV WDQN DQG D FRQVWDQW FXUUHQW RI P$ ZDV
DSSOLHG IRU  PLQXWHV DQ LFH SDFN ZDV DOVR LQFOXGHG WR FRRO WKH WDQN 7KH SUHVHQFH RI
6'6 JLYHV WKH SURWHLQ D QHJDWLYH FKDUJH VR WKH FDVVHWWH ZDV RULHQWDWHG ZLWK WKH PHPEUDQH
WRZDUGV WKH DQRGH PHDQLQJ SURWHLQ ZRXOG PRYH WRZDUGV WKH SRVLWLYH HOHFWURGH DQG ELQG WR
WKH QLWURFHOOXORVH PHPEUDQH
)LJXUH  $VVHPEO\ RI VDQGZLFK IRU ZHVWHUQ EORW WUDQVIHU 'LDJUDP VKRZV KRZ WKH
VDQGZLFK RI VSRQJH ILOWHU SDSHU QLWURFHOOXORVH PHPEUDQH DQG JHO ZHUH VWDFNHG IRU
WUDQVIHU
 %ORFNLQJ VWDLQLQJ DQG YLVXDOLVDWLRQ
)ROORZLQJ WUDQVIHU RI SURWHLQV IURP JHO WR PHPEUDQH WKH VDQGZLFK ZDV GLVPDQWOHG DQG
WKH PHPEUDQH ZDV UHPRYHG 1RQVSHFLILF ELQGLQJ ZDV EORFNHG E\ LQFXEDWLRQ LQ D VROXWLRQ
RI  PLON LQ 7%6 IRU  PLQXWHV RU  %6$ ERYLQH VHUXP DOEXPLQ LQ  RU 
7%67 7%6 ZLWK 7ZHHQ IRU  KRXUV RQ D SODWIRUP VKDNHU 0HPEUDQHV ZHUH ZDVKHG DQG
WKHQ LQFXEDWHG RYHUQLJKW LQ SULPDU\ DQWLERG\ GLOXWHG WR RSWLPDO FRQFHQWUDWLRQ &RQGLWLRQV
IRU HDFK DQWLERG\ DUH OLVWHG LQ 7DEOH  7KH IROORZLQJ GD\ PHPEUDQHV ZHUH ZDVKHG LQ
 RU  7%67 7KHUHDIWHU VHFRQGDU\ HLWKHU UDEELW RU PRXVH GHSHQGLQJ RQ
SULPDU\ DQWLERG\ XVHG +53FRQMXJDWHG DQWLERG\ ZDV GLOXWHG WR  DQG PHPEUDQHV
ZHUH LQFXEDWHG DW URRP WHPSHUDWXUH IRU WKH DSSURSULDWH OHQJWK RI WLPH 0HPEUDQHV ZHUH
ZDVKHG DJDLQ LQ 7%67 &KHPLOXPLQHVFHQFH ZDV XVHG WR GHWHFW SUHVHQFH RI SURWHLQ
0HPEUDQHV ZHUH LQFXEDWHG LQ PO RI HQKDQFHG FKHPLOXPLQHVFHQFH (&/ UHDJHQW 
PL[WXUH RI VROXWLRQ >0 7ULV S+ P0 OXPLQRO P0 SF\PXULF DFLG DQG ZDWHU@

DQG VROXWLRQ  >0 7ULV S+  +2 DQG ZDWHU IRU  PLQXWH  VHFRQGV RQ D
SODWIRUP VKDNHU 0HPEUDQHV ZHUH WKHQ SODFHG LQWR D FDVVHWWH FRYHUHG ZLWK FOLQJ ILOP DQG
H[SRVHG WR ;UD\ ILOP IRU WKH UHTXLUHG WLPH DQG GHYHORSHG XVLQJ D -3 )LOP 3URFHVVRU
 6WULSSLQJ RI PHPEUDQH
7R FRPSDUH WKH DPRXQW RI SURWHLQ LQ HDFK VDPSOH DQG DOORZ DVVHVVPHQW RI WKH EORWWLQJ ȕ
WXEXOLQ H[SUHVVLRQ D KRXVHNHHSLQJ JHQH LQGHSHQGHQW RI 1)ț% ZDV XVHG DV D ORDGLQJ
FRQWURO 1LWURFHOOXORVH PHPEUDQHV ZHUH UHSUREHG IRU ȕWXEXOLQ 0HPEUDQHV ZHUH VWULSSHG
XVLQJ D VWULSSLQJ EXIIHU FRQWDLQLQJ 0 7ULV+&O DQG  6'6 7KH PHPEUDQH ZDV
LQFXEDWHG LQ PO RI VWULSSLQJ EXIIHU ZLWK 0 ȝO ȕPHUFDSWRHWKDQRO IRU  PLQXWHV
RQ D VKDNHU 7KH PHPEUDQH ZDV ZDVKHG LQ 1D77 EXIIHU IRU  PLQXWHV  WLPHV WR UHPRYH
DOO VWULSSLQJ EXIIHU 0HPEUDQHV ZHUH WKHQ UHSUREHG XVLQJ WKH SURWRFRO GHVFULEHG LQ VHFWLRQ
 IRU OHYHOV RI ȕWXEXOLQ  DE $EFDP DV D ORDGLQJ FRQWURO
 4XDQWLILFDWLRQ RI H[SUHVVLRQ OHYHOV
,PDJH- 1DWLRQDO ,QVWLWXWH RI +HDOWK 86$ ZDV XVHG WR FDOFXODWH H[SUHVVLRQ OHYHOV RI
SURWHLQV REVHUYHG YLD ZHVWHUQ EORWV /HYHOV ZHUH QRUPDOLVHG WR ȕWXEXOLQ DQG IROG FKDQJH
WR FRQWURO FDOFXODWHG XVLQJ D RQHZD\ $129$ ZLWK %RQIHUURQL FRUUHFWLRQ DQG 'XQQHWW¶V




























































































































































































































































































































































































































([SUHVVLRQ RI PHPEHUV RI WKH





7KHUH LV D ODUJH ERG\ RI HYLGHQFH PRVWO\ FHOO OLQH DQG DQLPDO LPSOLFDWLQJ 1)ț% LQ WKH
GHYHORSPHQW DQG SURJUHVVLRQ RI &5&  +RZHYHU WKH QRQFDQRQLFDO 1)ț% SDWKZD\
LQ &5& LV ODUJHO\ XQGHULQYHVWLJDWHG ZLWK OLPLWHG VWXGLHV LQ KXPDQ WLVVXH 7R RXU
NQRZOHGJH WKHUH DUH FXUUHQWO\ QR VWXGLHV ZLWK ODUJH QXPEHUV RI SDWLHQWV H[SORULQJ WKH UROH
RI GLIIHUHQW SDWKZD\ PHPEHUV :H DLPHG WR LQYHVWLJDWH WKH H[SUHVVLRQ RI NH\ PHPEHUV RI
WKH QRQFDQRQLFDO 1)ț% SDWKZD\ 1,. ,..Į DQG 5HO% LQ D &5& SDWLHQW WLVVXH
PLFURDUUD\ DQG DVVHVV WKH FOLQLFDO VLJQLILFDQFH RI HDFK PHPEHU
 $QWLERG\ YDOLGDWLRQ RI PHPEHUV RI WKH QRQFDQRQLFDO
SDWKZD\
 9DOLGDWLRQ RI DQWL1,. DQWLERG\
6SHFLILFLW\ RI WKH DQWL1,. DQWLERG\ ZDV FRQILUPHG LQ +7 DQG 7 FRORQ FHOOV XVLQJ
ZHVWHUQ EORWWLQJ 7KLV VKRZHG D VLQJOH EDQG RI WKH SUHGLFWHG PROHFXODU ZHLJKW N'D
+89(& FHOOV RYHUH[SUHVVLQJ 1,. ZHUH XVHG DV D SRVLWLYH FRQWURO
)LJXUH  9DOLGDWLRQ RI DQWL1,. DQWLERG\ :HVWHUQ EORW VKRZHG D FOHDU EDQG RI
DSSURSULDWH VL]H  N'D LQ +7 DQG 7 FRORQ FDQFHU FHOOV

 9DOLGDWLRQ RI DQWL,..Į DQWLERG\
6SHFLILFLW\ RI WKH DQWL,..Į DQWLERG\ ZDV SUHYLRXVO\ FRQILUPHG LQ RXU ODERUDWRU\ :HVWHUQ
EORWWLQJ XVLQJ WKH DQWL,..Į DQWLERG\ VKRZHG D VLQJOH EDQG RI WKH SUHGLFWHG PROHFXODU
ZHLJKW  N'D /1&DS FHOOV ZHUH SUHWUHDWHG ZLWK Q0 VL51$ DJDLQVW HLWKHU ,..Į RU
,..ȕ WR FKHFN VSHFLILFLW\ IRU ,..Į $ UHGXFWLRQ LQ H[SUHVVLRQ ZDV REVHUYHG LQ WKH ,..Į
VLOHQFHG EXW QRW ,..ȕVLOHQFHG FHOOV /1&DS FHOO SHOOHWV ZHUH PDGH DQG ,+& ZDV
SHUIRUPHG ,..ĮVLOHQFHG FHOOV VKRZHG D GHFUHDVH LQ H[SUHVVLRQ WKLV ZDV QRW REVHUYHG LQ
,..ȕVLOHQFHG RU FRQWURO FHOOV 
 9DOLGDWLRQ RI DQWL5HO% DQWLERG\
6SHFLILFLW\ RI WKH DQWL5HO% DQWLERG\ ZDV SUHYLRXVO\ FRQILUPHG LQ RXU ODERUDWRU\ :HVWHUQ
EORWWLQJ VKRZHG D VLQJOH EDQG RI WKH SUHGLFWHG PROHFXODU ZHLJKW  N'D &HOO SHOOHWV WKDW
ZHUH WUHDWHG ZLWK QJPO O\PSKRWR[LQ IRU  KRXUV VKRZHG DQ LQFUHDVH LQ QXFOHDU
ORFDOLVDWLRQ RI 5HO% FRPSDUHG ZLWK XQWUHDWHG FRQWUROV 
 ([SUHVVLRQ DQG FOLQLFDO RXWFRPH RI PHPEHUV RI WKH
QRQFDQRQLFDO SDWKZD\
 6WXG\ JURXS
,Q WRWDO WKHUH ZHUH  SDWLHQWV ZKR XQGHUZHQW VXUJHU\ IRU V\PSWRPDWLF &5& EHWZHHQ
 DQG   ZHUH IHPDOH DQG DSSUR[LPDWHO\ WZRWKLUGV ZHUH RYHU WKH DJH RI  ,Q
DOO  SDWLHQWV  KDG 710 VWDJH , GLVHDVH   KDG VWDJH ,, GLVHDVH  
KDG VWDJH ,,, GLVHDVH DQG   KDG VWDJH ,9 GLVHDVH 2YHUDOO   SDWLHQWV KDG
WXPRXUV ORFDWHG ZLWKLQ WKH ULJKW FRORQ   ZLWKLQ WKH OHIW FRORQ DQG   KDG
UHFWDO FDQFHU 7KH PDMRULW\ RI SDWLHQWV  ZLWK VWDJH ,9 GLVHDVH KDG ULJKWVLGHG SULPDU\
WXPRXUV ,QIRUPDWLRQ UHJDUGLQJ DGMXYDQW WKHUDS\ ZDV DYDLODEOH LQ   SDWLHQWV RI
WKHVH  RQO\   UHFHLYHG DGMXYDQW WKHUDS\ 0HGLDQ IROORZXS RI VXUYLYRUV ZDV
 PRQWKV ,45  ±  PRQWKV

 ([SUHVVLRQ RI 1,.
1,. H[SUHVVLRQ ZDV LQYHVWLJDWHG LQ WKH IXOO FRKRUW RI  SDWLHQWV  SDWLHQWV KDG FRUHV
PLVVLQJ RU LQVXIILFLHQW WXPRXU IRU DQDO\VLV DQG IROORZLQJ H[FOXVLRQV RXWOLQHG LQ )LJXUH 
WKHUH ZHUH  SDWLHQWV LQFOXGHG IRU DQDO\VLV ([FOXVLRQ FULWHULD LQFOXGHG PRUWDOLW\ ZLWKLQ
 GD\V RI VXUJHU\ SDWLHQWV ZLWK PHWDVWDWLF GLVHDVH VWDJH ,9 DQG DGPLQLVWUDWLRQ RI
QHRDGMXYDQW FKHPRWKHUDS\ GXH WR SRWHQWLDO LPSDFW RQ WKH LPPXQRORJLFDO WXPRXU
PLFURHQYLURQPHQW ([SUHVVLRQ RI 1,. ZDV REVHUYHG DW WKH F\WRSODVPLF DQG QXFOHDU OHYHO
7KH KLVWRVFRUH UDQJH IRU F\WRSODVPLF 1,. UDQJHG IURP  WR  ([SUHVVLRQ RI
F\WRSODVPLF 1,. ZDV JUDGHG DV HLWKHU ORZ RU KLJK 7KUHVKROGV IRU DQDO\VLV ZHUH FDOFXODWHG
XVLQJ 52& FXUYH DQDO\VLV D F\WRSODVPLF KLVWRVFRUH !  ZDV FRQVLGHUHG DV KLJK
H[SUHVVLRQ 2QO\  SDWLHQWV GLVSOD\HG H[SUHVVLRQ RI 1,. DW WKH QXFOHDU OHYHO ZLWK D
KLVWRVFRUH UDQJH IURP  WR  )RU WKH SXUSRVHV RI DQDO\VLV QXFOHDU H[SUHVVLRQ RI 1,. ZDV
FRQVLGHUHG DV HLWKHU DEVHQW RU SUHVHQW ([DPSOHV RI ORZ DQG KLJK F\WRSODVPLF DQG QXFOHDU
1,. H[SUHVVLRQ DUH GLVSOD\HG LQ )LJXUH  2Q &KLVTXDUH DQDO\VLV WKHUH ZDV QR DVVRFLDWLRQ
EHWZHHQ F\WRSODVPLF DQG QXFOHDU H[SUHVVLRQ RI 1,. S  7KHUH ZDV JRRG
FRUUHODWLRQ RI VFRUHV EHWZHHQ REVHUYHUV ZLWK ,&&& VFRUHV RI  IRU F\WRSODVPLF
H[SUHVVLRQ DQG  IRU QXFOHDU H[SUHVVLRQ RI 1,.

)LJXUH  )ORZ GLDJUDP GHPRQVWUDWLQJ SDWLHQW H[FOXVLRQV 3DWLHQWV ZLWK PLVVLQJ FRUHV
RU LQVXIILFLHQW WXPRXU IRU DQDO\VLV ZHUH H[FOXGHG 7KHUHDIWHU SDWLHQWV ZKR KDG HLWKHU GLHG
ZLWKLQ  GD\V RI VXUJHU\ KDG VWDJH ,9 GLVHDVH RU KDG UHFHLYHG QHRDGMXYDQW FKHPRWKHUDS\
ZHUH H[FOXGHG IURP ILQDO DQDO\VLV

)LJXUH  ([SUHVVLRQ RI 1,. $ ([DPSOHV RI ORZ DQG % KLJK F\WRSODVPLF ' ORZ DQG
( KLJK QXFOHDU 1,. H[SUHVVLRQ LQ HSLWKHOLDO FRORUHFWDO FDQFHU WLVVXH EURZQ UHSUHVHQWV
WKH SURWHLQ RI LQWHUHVW LPDJHV WDNHQ IURP 70$ DW [ PDJQLILFDWLRQ VFDOH EDU
UHSUHVHQWV ȝP +LVWRJUDPV VKRZ GLVWULEXWLRQ RI DYHUDJH KLVWRVFRUHV DFURVV WKUHH







 1,. FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG WKH WXPRXU
PLFURHQYLURQPHQW
&KLVTXDUHG DQDO\VLV ZDV SHUIRUPHG WR DVVHVV WKH DVVRFLDWLRQ ZLWK FOLQLFRSDWKRORJLFDO
IDFWRUV RI WKH FRKRUW LQFOXGLQJ DJH VH[ W\SH RI VXUJHU\ HOHFWLYHHPHUJHQF\ WXPRXU
ORFDWLRQ ULJKW FRORQOHIW FRORQUHFWXP DGMXYDQW WKHUDS\ 710 VWDJH WXPRXU
GLIIHUHQWLDWLRQ YHQRXV LQYDVLRQ PDUJLQ LQYROYHPHQW QHFURVLV SUROLIHUDWLRQ 005 VWDWXV
%5$) VWDWXV .OLQWUXS0lNLQHQ JUDGH DQG WXPRXU VWURPD SHUFHQWDJH ([SUHVVLRQ RI
F\WRSODVPLF 1,. ZDV QRW DVVRFLDWHG ZLWK SDWLHQW DJH S  VH[ S  W\SH RI
VXUJHU\ S  WXPRXU ORFDWLRQ S  RU DGPLQLVWUDWLRQ RI DGMXYDQW FKHPRWKHUDS\
S  ,Q WHUPV RI WXPRXU FKDUDFWHULVWLFV KLJK H[SUHVVLRQ RI F\WRSODVPLF 1,. ZDV
DVVRFLDWHG ZLWK ORZ WXPRXU SUROLIHUDWLRQ S  EXW ZDV QRW DVVRFLDWHG ZLWK 710 VWDJH
S  WXPRXU GLIIHUHQWLDWLRQ S  YHQRXV LQYDVLRQ S  PDUJLQ
LQYROYHPHQW S  WXPRXU QHFURVLV S  005 VWDWXV S  RU %5$) VWDWXV
S  :LWK UHVSHFW WR WKH WXPRXU PLFURHQYLURQPHQW KLJK H[SUHVVLRQ RI F\WRSODVPLF
1,. ZDV DVVRFLDWHG ZLWK DQ DGYHUVH .OLQWUXS0lNLQHQ JUDGH S  EXW ZDV QRW
DVVRFLDWHG ZLWK WXPRXU VWURPD SHUFHQWDJH S 
+LJK H[SUHVVLRQ RI QXFOHDU 1,. ZDV DVVRFLDWHG ZLWK HPHUJHQF\ VXUJHU\ S  EXW ZDV
QRW DVVRFLDWHG ZLWK SDWLHQW DJH S  VH[ S  WXPRXU ORFDWLRQ S  RU
DGPLQLVWUDWLRQ RI DGMXYDQW FKHPRWKHUDS\ S  1XFOHDU 1,. H[SUHVVLRQ ZDV QRW
DVVRFLDWHG ZLWK 710 VWDJH S  WXPRXU GLIIHUHQWLDWLRQ S  YHQRXV LQYDVLRQ
S  PDUJLQ LQYROYHPHQW S  WXPRXU QHFURVLV S  SUROLIHUDWLRQ
S  005 VWDWXV S  RU %5$) VWDWXV S  :LWK UHVSHFW WR WKH WXPRXU
PLFURHQYLURQPHQW KLJK H[SUHVVLRQ RI QXFOHDU 1,. ZDV DVVRFLDWHG ZLWK DQ DGYHUVH
.OLQWUXS0lNLQHQ JUDGH S  EXW ZDV QRW DVVRFLDWHG ZLWK WXPRXU VWURPD SHUFHQWDJH
S 

 1,. H[SUHVVLRQ DQG VXUYLYDO
7R GHWHUPLQH ZKHWKHU 1,. H[SUHVVLRQ ZDV VLJQLILFDQWO\ DVVRFLDWHG ZLWK FOLQLFDO RXWFRPH
.DSODQ0HLHU VXUYLYDO FXUYHV ZHUH SORWWHG ORZ DQG KLJK H[SUHVVLRQ ZDV FRPSDUHG XVLQJ
WKH ORJ UDQN WHVW ([SUHVVLRQ RI F\WRSODVPLF 1,. ZDV QRW DVVRFLDWHG ZLWK &66 S 
)LJXUH $ +RZHYHU ZKHQ SDWLHQWV ZKR KDG XQGHUJRQH HOHFWLYH VXUJHU\ ZHUH FRQVLGHUHG
DORQH Q  WKRVH ZLWK KLJK H[SUHVVLRQ RI F\WRSODVPLF 1,. KDG LQIHULRU &66 ZKHQ
FRPSDUHG WR WKRVH SDWLHQWV ZLWK ORZ H[SUHVVLRQ +5   &,  S 
)LJXUH & ZLWK D UHGXFWLRQ LQ \HDU VXUYLYDO IURP  WR  DQG D UHGXFWLRQ LQ 
\HDU VXUYLYDO IURP  WR  :KHQ VWUDWLILHG E\ WXPRXU VLWH WKLV UHGXFWLRQ LQ &66 ZDV
SRWHQWLDWHG LQ WKRVH SDWLHQWV ZLWK ULJKWVLGHG WXPRXUV +5   &, 
S  7KHUH ZDV QR DVVRFLDWLRQ EHWZHHQ 1,. H[SUHVVLRQ DQG VXUYLYDO LQ SDWLHQWV ZLWK
OHIWVLGHG S  RU UHFWDO S  WXPRXUV )LJXUH  ,Q SDWLHQWV ZKR ZHUH 005
GHILFLHQW KLJK H[SUHVVLRQ RI F\WRSODVPLF 1,. ZDV DVVRFLDWHG ZLWK UHGXFHG &66 +5 
 &,  S  FRPSDUHG WR WKRVH SDWLHQWV ZKR ZHUH 005 SURILFLHQW
S  )LJXUHV $ 	% ,Q SDWLHQWV KDUERXULQJ WKH %5$) 9( PXWDWLRQ KLJK
H[SUHVVLRQ RI F\WRSODVPLF 1,. ZDV DVVRFLDWHG ZLWK UHGXFHG &66 +5   &, 
 S  FRPSDUHG WR WKRVH SDWLHQWV ZLWK %5$) ZLOGW\SH VWDWXV S  )LJXUHV
$ 	%
([SUHVVLRQ RI QXFOHDU 1,. ZDV QRW DVVRFLDWHG ZLWK &66 LQ WKH IXOO FRKRUW S  LQ
HOHFWLYH SDWLHQWV S  )LJXUH  RU ZKHQ FRQVLGHUHG LQ WKH FRQWH[W RI WXPRXU ORFDWLRQ
ULJKW FRORQ S  OHIW FRORQ S  UHFWXP S  +RZHYHU LQ 005 SURILFLHQW
SDWLHQWV KLJK H[SUHVVLRQ RI QXFOHDU 1,. ZDV DVVRFLDWHG ZLWK UHGXFHG &66 +5  
&,  S  )LJXUH & ,Q SDWLHQWV ZLWK %5$) ZLOGW\SH VWDWXV WKHUH ZDV D
UHGXFWLRQ LQ VXUYLYDO LQ WKRVH SDWLHQWV ZLWK KLJK QXFOHDU H[SUHVVLRQ RI 1,. KRZHYHU WKLV
ZDV QRW VLJQLILFDQW RQ ORJUDQN DQDO\VLV +5   &,  S  )LJXUH &

)LJXUH  1,. H[SUHVVLRQ DQG VXUYLYDO ([SUHVVLRQ RI 1,. LQ WKH F\WRSODVP $ RU
QXFOHXV % ZDV QRW DVVRFLDWHG ZLWK &66 &\WRSODVPLF 1,. H[SUHVVLRQ ZDV DVVRFLDWHG ZLWK
&66 LQ SDWLHQWV ZKR XQGHUZHQW HOHFWLYH VXUJHU\ & 1XFOHDU H[SUHVVLRQ RI 1,. ZDV QRW




)LJXUH  7KH DVVRFLDWLRQ EHWZHHQ F\WRSODVPLF 1,. H[SUHVVLRQ VXUYLYDO DQG WXPRXU
ORFDWLRQ LQ HOHFWLYH SDWLHQWV &\WRSODVPLF 1,. H[SUHVVLRQ ZDV DVVRFLDWHG ZLWK &66 LQ






)LJXUH  7KH DVVRFLDWLRQ EHWZHHQ 1,. H[SUHVVLRQ VXUYLYDO DQG 005 VWDWXV LQ
HOHFWLYH SDWLHQWV &\WRSODVPLF 1,. H[SUHVVLRQ ZDV QRW DVVRFLDWHG ZLWK &66 LQ 005
SURILFLHQW SDWLHQWV $ EXW ZDV DVVRFLDWHG ZLWK &66 LQ 005 GHILFLHQW SDWLHQWV % 1XFOHDU
H[SUHVVLRQ RI 1,. ZDV DVVRFLDWHG ZLWK &66 LQ 005 SURILFLHQW SDWLHQWV & EXW QRW LQ




)LJXUH  7KH DVVRFLDWLRQ EHWZHHQ 1,. H[SUHVVLRQ VXUYLYDO DQG %5$) VWDWXV LQ
HOHFWLYH SDWLHQWV &\WRSODVPLF 1,. H[SUHVVLRQ ZDV QRW DVVRFLDWHG ZLWK &66 LQ %5$) ZLOG
W\SH SDWLHQWV EXW ZDV DVVRFLDWHG ZLWK &66 LQ %5$) 9( PXWDWHG SDWLHQWV % $ WUHQG
WRZDUGV UHGXFHG &66 ZDV REVHUYHG LQ %5$) ZLOGW\SH SDWLHQWV ZLWK KLJK QXFOHDU






 ([SUHVVLRQ RI ,..Į
,..Į H[SUHVVLRQ ZDV LQYHVWLJDWHG LQ  SDWLHQWV  SDWLHQWV KDG FRUHV PLVVLQJ RU
LQVXIILFLHQW WXPRXU IRU DQDO\VLV DQG IROORZLQJ H[FOXVLRQV RXWOLQHG LQ )LJXUH  WKHUH ZHUH
 SDWLHQWV LQFOXGHG IRU DQDO\VLV ([SUHVVLRQ RI ,..Į ZDV REVHUYHG DW WKH F\WRSODVPLF
DQG QXFOHDU OHYHO ,Q DGGLWLRQ D SURSRUWLRQ RI SDWLHQWV GHPRQVWUDWHG D GLVWLQFW SDWWHUQ RI
MX[WDQXFOHDU SXQFWDWH VWDLQLQJ ZLWKLQ WKH F\WRSODVP 5HVXOWV ZLOO EH GLVFXVVHG ZLWK UHVSHFW
WR WKHVH WKUHH VLWHV RI ,..Į H[SUHVVLRQ 7KH KLVWRVFRUH UDQJH IRU F\WRSODVPLF DQG QXFOHDU
,..Į UDQJHG IURP  WR  DQG IURP  WR  UHVSHFWLYHO\ ([SUHVVLRQ RI F\WRSODVPLF DQG
QXFOHDU ,..Į ZDV JUDGHG DV HLWKHU ORZ RU KLJK 7KUHVKROGV ZHUH FDOFXODWHG XVLQJ 52&
FXUYH DQDO\VLV ! IRU F\WRSODVPLF ,..Į DQG ! IRU QXFOHDU ,..Į ZDV FRQVLGHUHG DV
KLJK H[SUHVVLRQ ([DPSOHV RI ORZ DQG KLJK F\WRSODVPLF DQG QXFOHDU ,..Į H[SUHVVLRQ DUH
GLVSOD\HG LQ )LJXUH  3XQFWDWH H[SUHVVLRQ RI ,..Į FRXOG QRW EH DVVHVVHG XVLQJ WKH
ZHLJKWHG KLVWRVFRUH DQG ZDV WKHUHIRUH JUDGHG DV DEVHQW ZHDN PRGHUDWH RU KLJK
H[SUHVVLRQ GHSHQGLQJ RQ WKH QXPEHU DQG VL]H RI WKHVH GLVFUHWH DUHDV )LJXUHV $'
&\WRSODVPLF H[SUHVVLRQ RI ,..Į QHJDWLYHO\ FRUUHODWHG ZLWK QXFOHDU H[SUHVVLRQ RI ,..Į
3HDUVRQ¶V U  S $V SXQFWDWH H[SUHVVLRQ ZDV QRW D FRQWLQXRXV YDULDEOH &KL
VTXDUH WHVW ZDV XVHG WR FRPSDUH LW ZLWK F\WRSODVPLFQXFOHDU H[SUHVVLRQ 3XQFWDWH
H[SUHVVLRQ RI ,..Į ZDV QRW DVVRFLDWHG ZLWK F\WRSODVPLF H[SUHVVLRQ S  KRZHYHU
SXQFWDWH H[SUHVVLRQ RI ,..Į ZDV LQYHUVHO\ DVVRFLDWHG ZLWK QXFOHDU ,..Į S 
7KHUH ZDV JRRG FRUUHODWLRQ RI VFRUHV EHWZHHQ REVHUYHUV ZLWK ,&&& VFRUHV RI  IRU
F\WRSODVPLF  IRU QXFOHDU H[SUHVVLRQ RI ,..Į DQG  IRU SXQFWDWH H[SUHVVLRQ RI
,..Į

)LJXUH  ([SUHVVLRQ RI ,..Į $ ([DPSOHV RI ORZ DQG % KLJK F\WRSODVPLF ' ORZ
DQG ( KLJK QXFOHDU ,..Į H[SUHVVLRQ LQ HSLWKHOLDO FRORUHFWDO FDQFHU WLVVXH EURZQ
UHSUHVHQWV WKH SURWHLQ RI LQWHUHVW LPDJHV WDNHQ IURP 70$ DW [ PDJQLILFDWLRQ VFDOH
EDU UHSUHVHQWV ȝP +LVWRJUDPV VKRZ GLVWULEXWLRQ RI DYHUDJH KLVWRVFRUHV DFURVV WKUHH








)LJXUH  3XQFWDWH H[SUHVVLRQ RI ,..Į ([DPSOHV RI $ DEVHQW % ORZ & PRGHUDWH
DQG ' KLJK SXQFWDWH ,..Į H[SUHVVLRQ LQ FRORUHFWDO FDQFHU WLVVXH LPDJHV WDNHQ DW [
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 ,..Į FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG WKH WXPRXU
PLFURHQYLURQPHQW
([SUHVVLRQ RI F\WRSODVPLF ,..Į ZDV QRW DVVRFLDWHG ZLWK SDWLHQW DJH S  VH[
S  W\SH RI VXUJHU\ HOHFWLYHHPHUJHQF\ S  WXPRXU ORFDWLRQ ULJKW
FRORQOHIW FRORQUHFWXP S  RU DGPLQLVWUDWLRQ RI DGMXYDQW FKHPRWKHUDS\ S 
,Q WHUPV RI WXPRXU FKDUDFWHULVWLFV KLJK H[SUHVVLRQ RI F\WRSODVPLF ,..Į ZDV DVVRFLDWHG
ZLWK LQFUHDVLQJ 7 VWDJH S  SRRU WXPRXU GLIIHUHQWLDWLRQ S  WXPRXU QHFURVLV
S  ORZ SUROLIHUDWLRQ S  DQG %5$) ZLOGW\SH VWDWXV S  EXW QRW ZLWK
1 VWDJH S  710 VWDJH S  YHQRXV LQYDVLRQ S  PDUJLQ LQYROYHPHQW
S  RU 005 VWDWXV S  :LWK UHVSHFW WR WKH WXPRXU PLFURHQYLURQPHQW
H[SUHVVLRQ RI F\WRSODVPLF ,..Į ZDV QRW DVVRFLDWHG ZLWK .OLQWUXS0lNLQHQ JUDGH S 
RU WXPRXU VWURPD SHUFHQWDJH S  $VVRFLDWLRQV EHWZHHQ F\WRSODVPLF ,..Į
FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG WKH WXPRXU PLFURHQYLURQPHQW DUH GLVSOD\HG LQ
7DEOH 
([SUHVVLRQ RI QXFOHDU ,..Į ZDV QRW DVVRFLDWHG ZLWK SDWLHQW DJH S  VH[ S 
W\SH RI VXUJHU\ S  WXPRXU ORFDWLRQ S  RU DGPLQLVWUDWLRQ RI DGMXYDQW
FKHPRWKHUDS\ S  ,Q WHUPV RI WXPRXU FKDUDFWHULVWLFV KLJK H[SUHVVLRQ RI QXFOHDU
,..Į ZDV DVVRFLDWHG ZLWK GHFUHDVLQJ 7 VWDJH S  GHFUHDVLQJ 710 VWDJH S 
PRUH IDYRXUDEOH WXPRXU GLIIHUHQWLDWLRQ  DQG KLJK SUROLIHUDWLRQ S  EXW QRW
ZLWK 1 VWDJH S  YHQRXV LQYDVLRQ S  PDUJLQ LQYROYHPHQW S 
WXPRXU QHFURVLV S  005 VWDWXV S  RU %5$) VWDWXV S  :LWK
UHVSHFW WR WKH WXPRXU PLFURHQYLURQPHQW H[SUHVVLRQ RI QXFOHDU ,..Į ZDV QRW DVVRFLDWHG
ZLWK .OLQWUXS0lNLQHQ JUDGH S  RU WXPRXU VWURPD SHUFHQWDJH S 
$VVRFLDWLRQV EHWZHHQ QXFOHDU ,..Į FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG WKH WXPRXU
PLFURHQYLURQPHQW DUH GLVSOD\HG LQ 7DEOH 
([SUHVVLRQ RI SXQFWDWH ,..Į ZDV DVVRFLDWHG ZLWK PDOH VH[ S  EXW QRW ZLWK SDWLHQW
DJH S  W\SH RI VXUJHU\ S  RU WXPRXU ORFDWLRQ S  ,Q WHUPV RI WXPRXU
FKDUDFWHULVWLFV KLJK H[SUHVVLRQ RI SXQFWDWH ,..Į ZDV DVVRFLDWHG ZLWK PRUH IDYRXUDEOH
WXPRXU GLIIHUHQWLDWLRQ S  DEVHQFH RI QHFURVLV S  ORZ SUROLIHUDWLRQ
S  DQG 005 FRPSHWHQFH S 7KHUH ZDV QR DVVRFLDWLRQ EHWZHHQ H[SUHVVLRQ
RI SXQFWDWH ,..Į DQG 710 VWDJH S  YHQRXV LQYDVLRQ S  PDUJLQ
LQYROYHPHQW S  RU %5$) VWDWXV S  :LWK UHVSHFW WR WKH WXPRXU
PLFURHQYLURQPHQW H[SUHVVLRQ RI SXQFWDWH ,..Į ZDV QRW DVVRFLDWHG ZLWK .OLQWUXS

0lNLQHQ JUDGH S  RU WXPRXU VWURPD SHUFHQWDJH S  $VVRFLDWLRQV EHWZHHQ
SXQFWDWH ,..Į H[SUHVVLRQ FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG WKH WXPRXU
PLFURHQYLURQPHQW DUH GLVSOD\HG LQ 7DEOH  $OWKRXJK H[SUHVVLRQ RI SXQFWDWH ,..Į ZDV
QRW DVVRFLDWHG ZLWK DGPLQLVWUDWLRQ RI DGMXYDQW FKHPRWKHUDS\ S  LW ZDV RI LQWHUHVW
WKDW RI WKH  FDQFHU GHDWKV DPRQJVW SDWLHQWV ZKR KDG UHFHLYHG DGMXYDQW FKHPRWKHUDS\ 
SDWLHQWV KDG QR H[SUHVVLRQ RI SXQFWDWH ,..Į  SDWLHQWV KDG ORZ H[SUHVVLRQ RI SXQFWDWH
,..Į  SDWLHQWV KDG PRGHUDWH H[SUHVVLRQ RI SXQFWDWH ,..Į DQG  SDWLHQWV KDG KLJK















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 ,..Į H[SUHVVLRQ DQG VXUYLYDO
7R GHWHUPLQH ZKHWKHU ,..Į H[SUHVVLRQ ZDV VLJQLILFDQWO\ DVVRFLDWHG ZLWK FOLQLFDO RXWFRPH
.DSODQ0HLHU VXUYLYDO FXUYHV IRU F\WRSODVPLF QXFOHDU DQG SXQFWDWH H[SUHVVLRQ ZHUH
SORWWHG OHYHOV RI H[SUHVVLRQ ZHUH FRPSDUHG XVLQJ WKH ORJ UDQN WHVW ([SUHVVLRQ RI
F\WRSODVPLF ,..Į ZDV QRW DVVRFLDWHG ZLWK &66 )LJXUH $ KRZHYHU ZKHQ SDWLHQWV ZKR
KDG XQGHUJRQH HOHFWLYH VXUJHU\ ZHUH FRQVLGHUHG DORQH Q  WKHUH ZDV D QRQVLJQLILFDQW
DVVRFLDWLRQ EHWZHHQ KLJK H[SUHVVLRQ RI ,..Į DQG UHGXFHG &66 S  )LJXUH &
7KHUH ZDV QR DVVRFLDWLRQ EHWZHHQ F\WRSODVPLF ,..Į H[SUHVVLRQ &66 DQG WXPRXU ORFDWLRQ
7KHUH ZDV QR DVVRFLDWLRQ EHWZHHQ F\WRSODVPLF ,..Į H[SUHVVLRQ &66 DQG 005 VWDWXV
)LJXUH  7KHUH ZDV QR DVVRFLDWLRQ EHWZHHQ F\WRSODVPLF ,..Į H[SUHVVLRQ &66 DQG
%5$) VWDWXV
([SUHVVLRQ RI QXFOHDU ,..Į ZDV QRW DVVRFLDWHG ZLWK &66 LQ WKH IXOO FRKRUW S 
)LJXUH % LQ HOHFWLYH SDWLHQWV S  RU ZKHQ FRQVLGHUHG LQ WKH FRQWH[W RI WXPRXU
ORFDWLRQ ULJKW FRORQ S  OHIW FRORQ S  UHFWXP S  7KHUH ZDV QR
DVVRFLDWLRQ EHWZHHQ QXFOHDU H[SUHVVLRQ RI ,..Į &66 DQG 005 VWDWXV 7KHUH ZDV QR
DVVRFLDWLRQ EHWZHHQ QXFOHDU ,..Į H[SUHVVLRQ &66 DQG %5$) VWDWXV
+LJK H[SUHVVLRQ RI SXQFWDWH ,..Į ZDV DVVRFLDWHG ZLWK VLJQLILFDQWO\ UHGXFHG &66
FRPSDUHG WR WKRVH SDWLHQWV ZLWK ORZ H[SUHVVLRQ +5   &,  S
)LJXUH ' ZLWK D UHGXFWLRQ LQ \HDU VXUYLYDO IURP  WR  DQG D UHGXFWLRQ LQ 
\HDU VXUYLYDO IURP  WR  ,Q WKH FRQWH[W RI WXPRXU ORFDWLRQ H[SUHVVLRQ RI SXQFWDWH
,..Į ZDV VLJQLILFDQWO\ DVVRFLDWHG ZLWK &66 LQ SDWLHQWV ZLWK UHFWDO FDQFHU +5  
&,  S  ZKHQ FRPSDUHG WR SDWLHQWV ZLWK WXPRXUV LQ WKH ULJKW FRORQ +5
  &,  S  DQG OHIW FRORQ +5   &,  S 
7KHUH ZDV QR DVVRFLDWLRQ EHWZHHQ SXQFWDWH ,..Į &66 DQG 005 VWDWXV )LJXUH  ,Q
SDWLHQWV ZLWK %5$) ZLOGW\SH VWDWXV KLJK H[SUHVVLRQ RI SXQFWDWH ,..Į ZDV DVVRFLDWHG
ZLWK UHGXFHG &66 +5   &,  S  ZKHQ FRPSDUHG WR SDWLHQWV
KDUERXULQJ WKH %5$) 9( PXWDWLRQ +5   &,  S  )LJXUH 

)LJXUH  ,..Į H[SUHVVLRQ DQG VXUYLYDO ([SUHVVLRQ RI ,..Į LQ WKH F\WRSODVP $ RU
QXFOHXV % ZDV QRW DVVRFLDWHG ZLWK &66 LQ WKH IXOO FRKRUW 7KHUH ZDV D WUHQG WRZDUGV
UHGXFHG &66 LQ SDWLHQWV ZLWK KLJK H[SUHVVLRQ RI F\WRSODVPLF ,..Į ZKR KDG XQGHUJRQH
HOHFWLYH VXUJHU\ & 3XQFWDWH H[SUHVVLRQ RI ,..Į ZDV DVVRFLDWHG ZLWK &66 LQ WKH IXOO
FRKRUW '
)LJXUH  7KH DVVRFLDWLRQ EHWZHHQ F\WRSODVPLF ,..Į H[SUHVVLRQ VXUYLYDO DQG 005
VWDWXV LQ HOHFWLYH SDWLHQWV ([SUHVVLRQ RI ,..Į LQ WKH F\WRSODVP ZDV QRW DVVRFLDWHG ZLWK






)LJXUH  7KH DVVRFLDWLRQ EHWZHHQ SXQFWDWH H[SUHVVLRQ RI ,..Į VXUYLYDO DQG 005
VWDWXV LQ HOHFWLYH SDWLHQWV 7KHUH ZDV QR DVVRFLDWLRQ EHWZHHQ SXQFWDWH ,..Į DQG &66 LQ
005 SURILFLHQW $ RU 005 GHILFLHQW % SDWLHQWV
)LJXUH  7KH DVVRFLDWLRQ EHWZHHQ SXQFWDWH ,..Į H[SUHVVLRQ VXUYLYDO DQG %5$)
VWDWXV LQ HOHFWLYH SDWLHQWV 3XQFWDWH ,..Į H[SUHVVLRQ ZDV DVVRFLDWHG ZLWK &66 LQ %5$)





 ([SUHVVLRQ RI 5HO%
5HO% H[SUHVVLRQ ZDV LQYHVWLJDWHG LQ  SDWLHQWV  SDWLHQWV KDG FRUHV PLVVLQJ RU
LQVXIILFLHQW WXPRXU IRU DQDO\VLV DQG IROORZLQJ H[FOXVLRQV RXWOLQHG LQ )LJXUH  WKHUH ZHUH
 SDWLHQWV LQFOXGHG IRU DQDO\VLV ([SUHVVLRQ RI 5HO% ZDV REVHUYHG DW WKH F\WRSODVPLF
DQG QXFOHDU OHYHO 7KH KLVWRVFRUH UDQJH IRU F\WRSODVPLF DQG QXFOHDU 5HO% ZDV  WR  DQG
 WR  UHVSHFWLYHO\ ([SUHVVLRQ RI 5HO% ZDV JUDGHG DV HLWKHU ORZ RU KLJK 7KUHVKROGV
ZHUH FDOFXODWHG XVLQJ 52& FXUYH DQDO\VLV ! IRU F\WRSODVPLF ZDV FRQVLGHUHG DV KLJK
H[SUHVVLRQ 'XH WR D ORZ QXPEHU RI SDWLHQWV ZLWK H[SUHVVLRQ RI QXFOHDU 5HO% IRU WKH
SXUSRVHV RI DQDO\VLV QXFOHDU H[SUHVVLRQ RI 5HO% ZDV FRQVLGHUHG DV HLWKHU DEVHQW RU SUHVHQW
([DPSOHV RI ORZ DQG KLJK F\WRSODVPLF DQG QXFOHDU H[SUHVVLRQ DUH GLVSOD\HG LQ )LJXUH 
2Q &KLVTXDUH DQDO\VLV WKHUH ZDV DQ LQYHUVH DVVRFLDWLRQ EHWZHHQ F\WRSODVPLF DQG QXFOHDU
H[SUHVVLRQ RI 5HO% S 7KHUH ZDV JRRG FRUUHODWLRQ RI VFRUHV EHWZHHQ REVHUYHUV
ZLWK ,&&& VFRUHV RI  IRU F\WRSODVPLF H[SUHVVLRQ DQG  IRU QXFOHDU H[SUHVVLRQ RI
5HO%
)LJXUH  ([SUHVVLRQ RI 5HO% $ ([DPSOHV RI ORZ DQG % KLJK F\WRSODVPLF ' ORZ
DQG ( KLJK QXFOHDU 5HO% H[SUHVVLRQ LQ HSLWKHOLDO FRORUHFWDO FDQFHU WLVVXH EURZQ







EDU UHSUHVHQW ȝP +LVWRJUDPV VKRZ GLVWULEXWLRQ RI DYHUDJH KLVWRVFRUHV DFURVV WKUHH
WXPRXU FRUHV IRU F\WRSODVPLF & DQG QXFOHDU 5HO% )
 5HO% FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG WKH WXPRXU
PLFURHQYLURQPHQW
([SUHVVLRQ RI F\WRSODVPLF 5HO% ZDV QRW DVVRFLDWHG ZLWK SDWLHQW DJH S  VH[
S  W\SH RI VXUJHU\ HOHFWLYHHPHUJHQF\ S  WXPRXU ORFDWLRQ ULJKW
FRORQOHIW FRORQUHFWXP S  RU DGPLQLVWUDWLRQ RI DGMXYDQW FKHPRWKHUDS\ S 
,Q WHUPV RI WXPRXU FKDUDFWHULVWLFV KLJK H[SUHVVLRQ RI F\WRSODVPLF 5HO% ZDV DVVRFLDWHG
ZLWK LQFUHDVHG WXPRXU SUROLIHUDWLRQ S  EXW ZDV QRW DVVRFLDWHG ZLWK 710 VWDJH
S  WXPRXU GLIIHUHQWLDWLRQ S  YHQRXV LQYDVLRQ S  PDUJLQ
LQYROYHPHQW S  WXPRXU QHFURVLV S  %5$) VWDWXV S  RU 005 VWDWXV
S  :LWK UHVSHFW WR WKH WXPRXU PLFURHQYLURQPHQW H[SUHVVLRQ RI F\WRSODVPLF 5HO%
ZDV QRW DVVRFLDWHG ZLWK .OLQWUXS0lNLQHQ JUDGH S  RU WXPRXU VWURPD SHUFHQWDJH
S 
([SUHVVLRQ RI QXFOHDU 5HO% ZDV QRW DVVRFLDWHG ZLWK SDWLHQW DJH S  VH[ S 
W\SH RI VXUJHU\ HOHFWLYHHPHUJHQF\ S  WXPRXU ORFDWLRQ S  RU
DGPLQLVWUDWLRQ RI DGMXYDQW FKHPRWKHUDS\ S  ,Q WHUPV RI WXPRXU FKDUDFWHULVWLFV
KLJK H[SUHVVLRQ RI QXFOHDU 5HO% ZDV DVVRFLDWHG ZLWK KLJK WXPRXU SUROLIHUDWLRQ S 
EXW ZDV QRW DVVRFLDWHG ZLWK 710 VWDJH S  WXPRXU GLIIHUHQWLDWLRQ S 
YHQRXV LQYDVLRQ S  PDUJLQ LQYROYHPHQW S  WXPRXU QHFURVLV S 
%5$) VWDWXV S  RU 005 VWDWXV S  :LWK UHVSHFW WR WKH WXPRXU
PLFURHQYLURQPHQW H[SUHVVLRQ RI QXFOHDU 5HO% ZDV QRW DVVRFLDWHG ZLWK .OLQWUXS0lNLQHQ
JUDGH S  RU WXPRXU VWURPD SHUFHQWDJH S 

 5HO% H[SUHVVLRQ DQG VXUYLYDO
7R GHWHUPLQH ZKHWKHU 5HO% H[SUHVVLRQ ZDV VLJQLILFDQWO\ DVVRFLDWHG ZLWK FOLQLFDO RXWFRPH
.DSODQ0HLHU VXUYLYDO FXUYHV ZHUH SORWWHG ORZ DQG KLJK H[SUHVVLRQ ZDV FRPSDUHG XVLQJ
WKH ORJ UDQN WHVW ([SUHVVLRQ RI F\WRSODVPLF 5HO% ZDV QRW DVVRFLDWHG ZLWK &66 LQ WKH IXOO
FRKRUW S  LQ HOHFWLYH SDWLHQWV S  RU ZKHQ FRQVLGHUHG LQ WKH FRQWH[W RI
WXPRXU ORFDWLRQ ULJKW FRORQ S  OHIW FRORQ S  UHFWXP S  7KHUH ZDV QR
DVVRFLDWLRQ EHWZHHQ F\WRSODVPLF 5HO% H[SUHVVLRQ &66 DQG 005 VWDWXV 7KHUH ZDV QR
DVVRFLDWLRQ EHWZHHQ F\WRSODVPLF 5HO% H[SUHVVLRQ &66 DQG %5$) VWDWXV
([SUHVVLRQ RI QXFOHDU 5HO% ZDV QRW DVVRFLDWHG ZLWK &66 LQ WKH IXOO FRKRUW S  LQ
HOHFWLYH SDWLHQWV S  RU ZKHQ FRQVLGHUHG LQ WKH FRQWH[W RI WXPRXU ORFDWLRQ ULJKW
FRORQ S  OHIW FRORQ S  UHFWXP S  7KHUH ZDV QR DVVRFLDWLRQ EHWZHHQ
QXFOHDU 5HO% H[SUHVVLRQ &66 DQG 005 VWDWXV 7KHUH ZDV QR DVVRFLDWLRQ EHWZHHQ QXFOHDU
5HO% H[SUHVVLRQ &66 DQG %5$) VWDWXV
)LJXUH  5HO% H[SUHVVLRQ DQG VXUYLYDO ([SUHVVLRQ RI 5HO% LQ WKH $ F\WRSODVP DQG %
QXFOHXV ZDV QRW DVVRFLDWHG ZLWK &66
5HO% VKRXOG EH H[SUHVVHG LQ WKH F\WRSODVP DQG QXFOHXV $ ORZ QXPEHU RI SDWLHQWV ZLWK
H[SUHVVLRQ RI QXFOHDU 5HO% VXJJHVWHG D ODFN RI QRQFDQRQLFDO SDWKZD\ DFWLYDWLRQ
$OWHUQDWLYHO\ LW PD\ UHIOHFW DQ LVVXH ZLWK GHWHFWLRQ RI WKH SURWHLQ ,W LV SRVVLEOH WKDW WKH
SURWHLQ XQGHUJRHV FRQIRUPDWLRQDO FKDQJH DV LW WUDQVORFDWHV WR WKH QXFOHXV DQG WKHUHIRUH P\
QRW EH GHWHFWHG E\ WKH DQWLERG\ LQ XVH 3UHYLRXV VWXGLHV LQ WKH KRVW ODE KDYH DOVR UHSRUWHG
ORZ OHYHOV RI QXFOHDU 5HO% LQ EUHDVW FDQFHU /LQGVD\ %HQQHWW DQG VR IXWXUH VWXGLHV VKRXOG
FRQVLGHU XVLQJ D GLIIHUHQW 5HO% DQWLERG\
$ %

 0XOWLYDULDWH VXUYLYDO DQDO\VLV
8QLYDULDWH DQG PXOWLYDULDWH VXUYLYDO DQDO\VLV ZDV SHUIRUPHG LQ WKH IXOO FRKRUW 2Q
XQLYDULDWH DQDO\VLV W\SH RI VXUJHU\ HOHFWLYHHPHUJHQF\ S 710 VWDJH S
WXPRXU GLIIHUHQWLDWLRQ S YHQRXV LQYDVLRQ S PDUJLQ LQYROYHPHQW
S WXPRXU QHFURVLV S  SUROLIHUDWLRQ LQGH[ S .OLQWUXS0lNLQHQ
JUDGH S WXPRXU VWURPD SHUFHQWDJH S DQG SXQFWDWH ,..Į H[SUHVVLRQ
S ZHUH DVVRFLDWHG ZLWK UHGXFHG &66 +RZHYHU DJH S  VH[ S 
WXPRXU ORFDWLRQ S  005 VWDWXV S  %5$) VWDWXV S  DGMXYDQW
WKHUDS\ S  F\WRSODVPLF 1,. S  QXFOHDU 1,. S  F\WRSODVPLF ,..Į
S  QXFOHDU ,..Į S  F\WRSODVPLF 5HO% S  DQG QXFOHDU 5HO%
S  ZHUH QRW DVVRFLDWHG ZLWK &66 7DEOH 
9DULDEOHV WKDW ZHUH VLJQLILFDQW RQ XQLYDULDWH DQDO\VLV S ZHUH HQWHUHG LQWR D
PXOWLYDULDWH PRGHO ZLWK EDFNZDUG FRQGLWLRQDO PHWKRG W\SH RI VXUJHU\
HOHFWLYHHPHUJHQF\ +5   &,  S  710 VWDJH +5   &,
 S YHQRXV LQYDVLRQ +5   &,  S  PDUJLQ
LQYROYHPHQW +5   &,  S  .OLQWUXS0lNLQHQ JUDGH +5 
 &,  S WXPRXU VWURPD SHUFHQWDJH +5   &, 
S  DQG SXQFWDWH ,..Į +5   &,  S  ZHUH LQGHSHQGHQWO\











































































































































































































































































































































































































































































































































































 $VVRFLDWLRQV EHWZHHQ PHPEHUV RI WKH QRQFDQRQLFDO
1)ț% SDWKZD\
7R XQGHUVWDQG WKH UHODWLRQVKLS EHWZHHQ H[SUHVVLRQ RI GLIIHUHQW SDWKZD\ PHPEHUV
3HDUVRQ¶V FRUUHODWLRQ FRHIILFLHQW ZDV XVHG WR DQDO\VH FRQWLQXRXV YDULDEOHV DQG &KLVTXDUH
WHVW ZDV XVHG WR DQDO\VH H[SUHVVLRQ EHWZHHQ QRQFRQWLQXRXV YDULDEOHV &\WRSODVPLF 1,.
H[SUHVVLRQ FRUUHODWHG ZLWK F\WRSODVPLF ,..Į 3HDUVRQ¶V U  S DQG
F\WRSODVPLF H[SUHVVLRQ RI 5HO% 3HDUVRQ¶V U  S $V QXFOHDU 1,. DQG QXFOHDU
5HO% ZHUH QRQFRQWLQXRXV YDULDEOHV &KLVTXDUHG DQDO\VLV ZDV XVHG WR DVVHVV WKHLU
DVVRFLDWLRQV ZLWK WKH RWKHU SURWHLQV 1XFOHDU H[SUHVVLRQ RI 1,. ZDV QRW DVVRFLDWHG ZLWK
F\WRSODVPLF ,..Į S  RU QXFOHDU ,..Į S  EXW ZDV LQYHUVHO\ DVVRFLDWHG ZLWK
F\WRSODVPLF 5HO% S  DQG GLUHFWO\ DVVRFLDWHG ZLWK QXFOHDU 5HO% S 
&\WRSODVPLF ,..Į FRUUHODWHG ZLWK F\WRSODVPLF 5HO% 3HDUVRQ¶V U  S EXW
ZDV LQYHUVHO\ DVVRFLDWHG ZLWK QXFOHDU 5HO% S 1XFOHDU ,..Į ZDV LQYHUVHO\
DVVRFLDWHG ZLWK F\WRSODVPLF 5HO% S  EXW ZDV QRW DVVRFLDWHG ZLWK QXFOHDU 5HO%
S  6HH )LJXUH  IRU GLDJUDPPDWLF UHSUHVHQWDWLRQ RI SURWHLQ DVVRFLDWLRQV
)LJXUH  $VVRFLDWLRQV EHWZHHQ PHPEHUV RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ *UHHQ
GDVKHG OLQH UHSUHVHQWV SRVLWLYH FRUUHODWLRQGLUHFW DVVRFLDWLRQ DQG UHG GDVKHG OLQH UHSUHVHQWV
QHJDWLYH FRUUHODWLRQLQGLUHFW DVVRFLDWLRQV $GDSWHG IURP 3DWHO HW DO 

 &RPELQHG F\WRSODVPLF SURWHLQ H[SUHVVLRQ DQG VXUYLYDO
$V WKHUH ZDV D SRVLWLYH FRUUHODWLRQ EHWZHHQ F\WRSODVPLF 1,. ,..Į DQG 5HO% H[SUHVVLRQ
OHYHOV ZHUH FRPELQHG WR FUHDWH WZR JURXSV  ORZ H[SUHVVLRQ RI 1,. ,..Į DQG 5HO%
Q  DQG  SDWLHQWV ZLWK KLJK H[SUHVVLRQ RI RQH RU PRUH SDWKZD\ PHPEHUV Q  ,Q
WKH IXOO FRKRUW WKHUH ZDV QR DVVRFLDWLRQ EHWZHHQ WKHVH JURXSV DQG VXUYLYDO S 
:KHQ SDWLHQWV ZKR XQGHUZHQW HOHFWLYH VXUJHU\ ZHUH FRQVLGHUHG DORQH WKRVH SDWLHQWV ZLWK
KLJK H[SUHVVLRQ RI RQH RU PRUH SURWHLQV KDG VLJQLILFDQWO\ UHGXFHG &66 +5   &,
 S  )LJXUH  7KHUH ZDV QR DVVRFLDWLRQ EHWZHHQ FRPELQHG F\WRSODVPLF
SURWHLQV &66 DQG WXPRXU ORFDWLRQ ULJKW FRORQ S  OHIW FRORQ S  UHFWXP
S  )LJXUH  +RZHYHU KLJK H[SUHVVLRQ RI FRPELQHG F\WRSODVPLF SURWHLQV ZDV
DVVRFLDWHG ZLWK UHGXFHG &66 LQ 005 SURILFLHQW SDWLHQWV +5   &, 
S  EXW QRW LQ 005 GHILFLHQW SDWLHQWV S  7KHUH ZDV QR DVVRFLDWLRQ EHWZHHQ
H[SUHVVLRQ RI FRPELQHG F\WRSODVPLF SURWHLQV &66 DQG %5$) VWDWXV )LJXUH 
)LJXUH  &RPELQHG F\WRSODVPLF QRQFDQRQLFDO SURWHLQV 1,. ,..Į DQG 5HO% DQG
VXUYLYDO 7KHUH ZDV QR DVVRFLDWLRQ EHWZHHQ FRPELQHG F\WRSODVPLF SURWHLQV DQG &66 LQ WKH
IXOO FRKRUW $ +LJK H[SUHVVLRQ RI RQH RU PRUH F\WRSODVPLF SURWHLQV ZDV DVVRFLDWHG ZLWK
UHGXFHG &66 LQ SDWLHQWV ZKR XQGHUZHQW HOHFWLYH VXUJHU\ %
$ %

)LJXUH  &RPELQHG F\WRSODVPLF QRQFDQRQLFDO SURWHLQV 1,. ,..Į DQG 5HO%
VXUYLYDO DQG WXPRXU ORFDWLRQ LQ HOHFWLYH SDWLHQWV ([SUHVVLRQ RI FRPELQHG F\WRSODVPLF





)LJXUH  &RPELQHG F\WRSODVPLF QRQFDQRQLFDO SURWHLQV 1,. ,..Į DQG 5HO%
VXUYLYDO DQG 005%5$) VWDWXV LQ HOHFWLYH SDWLHQWV ([SUHVVLRQ RI FRPELQHG
F\WRSODVPLF SURWHLQV ZDV DVVRFLDWHG ZLWK &66 LQ 005 SURILFLHQW SDWLHQWV $ EXW QRW LQ
SDWLHQWV ZLWK 005 GHILFLHQW VWDWXV % 7KHUH ZDV QR DVVRFLDWLRQ EHWZHHQ H[SUHVVLRQ RI





7KH UHVXOWV RI WKLV FKDSWHU GHPRQVWUDWH WKDW LQ SDWLHQWV ZKR KDYH XQGHUJRQH VXUJHU\ IRU
VWDJH ,,,, &5& XSUHJXODWLRQ RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ ZDV DVVRFLDWHG ZLWK
DGYHUVH SKHQRW\SLF WXPRXU IHDWXUHV DQG ZLWK LQIHULRU &66 6RPH RI WKH DGYHUVH IHDWXUHV
LQFOXGH LQFUHDVLQJ 7 VWDJH SRRU WXPRXU GLIIHUHQWLDWLRQ WXPRXU QHFURVLV UHGXFHG WXPRXU
SUROLIHUDWLRQ DQG UHGXFHG LQIODPPDWRU\ FHOO LQILOWUDWH 7KHUH DSSHDUV WR EH D UHODWLRQVKLS
EHWZHHQ F\WRSODVPLF 1,. H[SUHVVLRQ DQG VXUYLYDO LQ SDWLHQWV ZLWK ULJKWVLGHG FRORQ FDQFHU
7KLV UHODWLRQVKLS LV IXUWKHU GHPRQVWUDWHG E\ WKH DVVRFLDWLRQ EHWZHHQ F\WRSODVPLF 1,.
H[SUHVVLRQ DQG VXUYLYDO LQ SDWLHQWV ZKR DUH 005 GHILFLHQW DQG %5$) 9( PXWDWHG
WZR PROHFXODU FKDUDFWHULVWLFV WKDW DUH ZHOOHVWDEOLVKHG IHDWXUHV RI ULJKWVLGHG FRORQ FDQFHU
5HFHQW UHWURVSHFWLYH DQDO\VHV RI ODUJH FOLQLFDO WULDOV RI SDWLHQWV ZLWK PHWDVWDWLF &5&
VXJJHVWHG SDWLHQWV ZLWK ULJKWVLGHG SULPDU\ WXPRXUV KDYH DQ LQIHULRU VXUYLYDO RXWFRPH
ZKHQ FRPSDUHG WR SDWLHQWV ZLWK OHIWVLGHG SULPDU\ WXPRXUV 7KHUHIRUH LW PD\ EH RI
LQWHUHVW WR VWXG\ WKH H[SUHVVLRQ RI 1,. LQ D FRKRUW RI SDWLHQWV ZLWK PHWDVWDWLF GLVHDVH
005 GHILFLHQW WXPRXUV DUH DVVRFLDWHG ZLWK D KLJKHU O\PSKRF\WLF LQILOWUDWH DQG EHWWHU
VXUYLYDO RXWFRPH $OWKRXJK LW ZDV QRW ZLWKLQ WKH VFRSH RI WKHVH VWXGLHV WR FKDUDFWHULVH WKH
LPPXQRORJLFDO UHVSRQVH ZLWKLQ WKH WXPRXU PLFURHQYLURQPHQW WKLV ZRUN LV FXUUHQWO\ EHLQJ
FDUULHG RXW LQ RXU ODE DQG RQFH FRPSOHWH LW ZRXOG EH RI LQWHUHVW WR VWXG\ WKH DVVRFLDWLRQ
EHWZHHQ LQQDWHDGDSWLYH LPPXQH FHOOV DQG QRQFDQRQLFDO 1)ț% SURWHLQV DV WKH SDWKZD\ LV
NQRZQ WR KDYH HVVHQWLDO UROHV LQ UHJXODWLQJ WKHVH LPPXQH UHVSRQVHV
([SUHVVLRQ RI ,..Į DW WKH F\WRSODVPLF OHYHO ZDV DVVRFLDWHG ZLWK D QXPEHU RI DGYHUVH
SKHQRW\SLF WXPRXU IHDWXUHV &RQYHUVHO\ KLJK H[SUHVVLRQ RI ,..Į DW WKH QXFOHDU OHYHO ZDV
DVVRFLDWHG ZLWK PRUH D PRUH IDYRXUDEOH WXPRXU SKHQRW\SH 7KH H[SODQDWLRQ IRU WKLV LV
XQFOHDU ,W ZDV RI SDUWLFXODU LQWHUHVW WKDW DQ XQIDPLOLDU SDWWHUQ RI SXQFWDWH ,..Į H[SUHVVLRQ
ZDV REVHUYHG WKH QDWXUH RI ZKLFK LV XQFHUWDLQ 0RUHRYHU WKLV SDWWHUQ ZDV DVVRFLDWHG ZLWK
LQIHULRU VXUYLYDO RXWFRPH LQ WKH IXOO FRKRUW DQG WKLV DVVRFLDWLRQ ZDV SRWHQWLDWHG LQ SDWLHQWV
ZLWK UHFWDO FDQFHU DQG WKRVH ZKR KDG %5$) ZLOGW\SH VWDWXV ,W ZDV QRWHG WKDW SDWLHQWV
ZLWK ORZ H[SUHVVLRQ RI SXQFWDWH ,..Į KDG LPSURYHG VXUYLYDO RXWFRPH FRPSDUHG WR WKRVH
ZLWK DEVHQWPRGHUDWHKLJK H[SUHVVLRQ 7KLV ORZ H[SUHVVLRQ JURXS PD\ UHIOHFW D SURSRUWLRQ
RI SDWLHQWV LQ ZKR ,..Į SURGXFWLRQ DQG DFWLYLW\ LV VWLOO ZLWKLQ QRUPDO KRPHRVWDWLF OLPLWV
7KHUHIRUH WKH RWKHU JURXSV RI H[SUHVVLRQ PD\ UHIOHFW WKRVH ZLWK DEHUUDQW ,..Į SURGXFWLRQ
DQG DFWLYLW\ RXWZLWK QRUPDO KRPHRVWDWLF IXQFWLRQV ZKLFK LV UHVSRQVLEOH IRU WKH REVHUYHG
LQIHULRU VXUYLYDO RXWFRPHV ,W ZDV RI SDUWLFXODU LQWHUHVW WKDW DOWKRXJK WKLV SXQFWDWH SDWWHUQ
RI ,..Į ZDV DVVRFLDWHG ZLWK LQIHULRU VXUYLYDO RXWFRPH LW ZDV DOVR DVVRFLDWHG ZLWK

IDYRXUDEOH SKHQRW\SLF IHDWXUHV VXFK DV EHWWHU WXPRXU GLIIHUHQWLDWLRQ DQG DEVHQFH RI
QHFURVLV DV ZHOO DV OHVV IDYRXUDEOH IHDWXUHV VXFK DV ORZ SUROLIHUDWLRQ 7KH H[SODQDWLRQ IRU
WKLV LV XQFOHDU DQG LW PD\ UHIOHFW WKH H[WHQW RI KHWHURJHQHLW\ ZLWKLQ WKH GLVHDVH
7R XQGHUVWDQG LI WKH SURWHLQV DV D ³SDQHO´ KDG PRUH SURJQRVWLF YDOXH F\WRSODVPLF SURWHLQV
ZHUH FRQVLGHUHG WRJHWKHU KLJK H[SUHVVLRQ RI RQH RU PRUH QRQFDQRQLFDO 1)ț% SDWKZD\
PHPEHUV ZDV DVVRFLDWHG ZLWK LQIHULRU &66 7KH FRPELQHG F\WRSODVPLF SURWHLQ H[SUHVVLRQ
VFRUH ZDV QRW VXEMHFWHG WR PXOWLYDULDWH VXUYLYDO DQDO\VLV IXWXUH VWXGLHV VKRXOG FRQVLGHU
WKLV WR DVVHVV LI LW LV LQGHSHQGHQWO\ DVVRFLDWHG ZLWK VXUYLYDO
,+& LV D ZLGHO\ XVHG WHFKQLTXH WR VHOHFWLYHO\ LGHQWLI\ DQWLJHQV ,W LV D PXOWLVWHS SURFHVV
WKDW LV SURQH WR HUURU DQG LQFRQVLVWHQF\ DW WKH H[SHULPHQWDO VWDJH DQG GXULQJ LQWHUSUHWDWLRQ
$XWRPDWHG VWDLQLQJ V\VWHPV KDYH WKH DGYDQWDJH RI VWDQGDUGLVLQJ WKH H[SHULPHQWDO
WHFKQLTXH DQG HQDEOLQJ UXQWRUXQ FRQVLVWHQF\ KRZHYHU XVLQJ PDFKLQHV KDV LWV RZQ
LQKHUHQW SUREOHPV DQG VWLOO UHTXLUHV NQRZOHGJH DQG VNLOO WR RSWLPLVH DQWLERG\ VWDLQLQJ ,Q
WKH SUHVHQW VWXG\ SURWHLQ H[SUHVVLRQ ZDV SHUIRUPHG PDQXDOO\ XVLQJ WKH ZHLJKWHG
KLVWRVFRUH LW KDV EHHQ VXJJHVWHG WKDW DXWRPDWHG LPDJH DQDO\VLV VRIWZDUH PD\ EH XVHG DV D
PRUH FRQVLVWHQW PHWKRG RI PHDVXULQJ VWDLQLQJ LQWHQVLW\ 7KHVH V\VWHPV PHDVXUH VWDLQLQJ
LQWHQVLW\ E\ PHDVXULQJ DEVRUSWLRQ +RZHYHU LW LV ZHOO NQRZQ WKDW RQH LVVXH ZLWK XVLQJ
'$% DV D FKURPRJHQ LV WKDW WKHUH LV RQO\ D OLQHDU UHODWLRQVKLS EHWZHHQ WKH DPRXQW RI
DQWLJHQ DQG VWDLQLQJ LQWHQVLW\ DW ORZHU OHYHOV RI VWDLQLQJ DQG IRU DXWRPDWHG V\VWHPV WKDW
UHO\ RQ PHDVXULQJ DEVRUSWLRQ WKH QRQOLQHDU UHODWLRQVKLS EHWZHHQ WKH DPRXQW RI DQWLJHQ
DQG VWDLQLQJ LQWHQVLW\ DW KLJKHU OHYHOV FDQ EH D VRXUFH RI LQDFFXUDF\
$V PHQWLRQHG DERYH WKHUH DUH D QXPEHU RI IDFWRUV WKDW FDQ LPSDFW RQ ,+& VWDLQLQJ
RXWFRPHV 7KHVH LQFOXGH EXW DUH QRW OLPLWHG WR DJH RI WKH VSHFLPHQV IL[DWLRQ PHWKRGV
VWRUDJH GXUDWLRQ DQG W\SH RI DQWLJHQ UHWULHYDO DQG DQWLERG\ VSHFLILFLW\ ,W LV ZHOO NQRZQ
WKDW SURWHLQV DUH VWDEOH ZKHQ WLVVXHV DUH SUHVHUYHG LQ ZD[ EORFNV KRZHYHU WKHUH LV
HYLGHQFH RI GHWHULRUDWLRQ RQFH SDUDIILQ VHFWLRQV KDYH EHHQ FXW ,Q WKH SUHVHQW VWXG\ ORZ
QXPEHUV RI SDWLHQWV KDG H[SUHVVLRQ RI 5HO% DW WKH QXFOHDU OHYHO ZLWK D PHGLDQ KLVWRVFRUH
RI  7KLV PD\ UHIOHFW DQ LVVXH ZLWK WKH DQWLERG\ DQG VXEVHTXHQW GHWHFWLRQ RI WKH SURWHLQ
:KLOVW WKH DQWLERG\ KDV SUHYLRXVO\ EHHQ YDOLGDWHG LQ SURVWDWH FDQFHU FHOOV IXUWKHU
YDOLGDWLRQ PD\ EH UHTXLUHG LQ &5& FHOOV $OWHUQDWLYH PHWKRGV RI SURWHLQ GHWHFWLRQ VXFK DV
PDVV VSHFWURPHWU\ FRXOG EH XVHG WR DVVHVV SURWHLQ H[SUHVVLRQ KRZHYHU VXFK WHFKQLTXHV
ODFN WKH SUDFWLFDO SURSHUWLHV DQG HDVH RI FOLQLFDO DSSOLFDELOLW\ WKDW ,+& RIIHUV

&KDSWHU 
([SUHVVLRQ RI PHPEHUV RI WKH





7KH UHVXOWV IURP &KDSWHU  GHPRQVWUDWH WKDW WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LV
XSUHJXODWHG LQ SDWLHQWV XQGHUJRLQJ VXUJHU\ IRU V\PSWRPDWLF VWDJH ,,,, &5& DQG WKLV ZDV
DVVRFLDWHG ZLWK WXPRXU LQYDVLYHQHVV DQG SRRU &66 7KH ERZHO FDQFHU VFUHHQLQJ
SURJUDPPH FDSWXUHV D XQLTXH SRSXODWLRQ RI SDWLHQWV PDQ\ ZLWK HDUO\ VWDJH &5& ,W LV
WKHUHIRUH RI LQWHUHVW WR XQGHUVWDQG ZKHWKHU RU QRW WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LV
H[SUHVVHG LQ HDUO\ VWDJH GLVHDVH DQG ZKHWKHU DVVRFLDWLRQV ZLWK SKHQRW\SLF WXPRXU
FKDUDFWHULVWLFV RU IHDWXUHV RI WKH WXPRXU PLFURHQYLURQPHQW DUH REVHUYHG :H DLPHG WR
LQYHVWLJDWH WKH H[SUHVVLRQ RI NH\ PHPEHUV RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ 1,.
,..Į DQG 5HO% LQ D VFUHHQGHWHFWHG 7 FRORUHFWDO FDQFHU SDWLHQW WLVVXH PLFURDUUD\ DQG
DVVHVV WKH FOLQLFDO VLJQLILFDQFH RI HDFK PHPEHU
 $QWLERG\ YDOLGDWLRQ
$QWLERG\ YDOLGDWLRQ IRU 1,. ,..Į DQG 5HO% ZDV SHUIRUPHG DV GHVFULEHG LQ UHVXOWV
&KDSWHU  VHFWLRQ 
 ([SUHVVLRQ DQG FOLQLFDO RXWFRPH RI PHPEHUV RI WKH
QRQFDQRQLFDO SDWKZD\ LQ VFUHHQGHWHFWHG &5&
 6WXG\ JURXS
,Q WRWDO WKHUH ZHUH  SDWLHQWV ZKR XQGHUZHQW UHPRYDO HLWKHU ORFDO UHVHFWLRQ LH
SRO\SHFWRP\7(06 RU VHJPHQWDO ERZHO UHVHFWLRQ IRU VFUHHQGHWHFWHG &5& IURP WKH ILUVW
URXQG RI J)2%7 FRQGXFWHG ZLWKLQ *UHDWHU *ODVJRZ 	 &O\GH KHDOWK ERDUG  ZHUH PDOH
DQG DSSUR[LPDWHO\ WZRWKLUGV ZHUH RYHU WKH DJH RI  ,Q DOO   KDG 710 VWDJH ,
GLVHDVH DQG   KDG VWDJH ,,, GLVHDVH WKHUH ZHUH QR SDWLHQWV ZLWK VWDJH ,, GLVHDVH
2YHUDOO   SDWLHQWV KDG WXPRXUV ORFDWHG ZLWKLQ WKH ULJKW FRORQ   ZLWKLQ WKH
OHIW FRORQ DQG   KDG UHFWDO FDQFHU   SDWLHQWV XQGHUZHQW SRO\SHFWRP\ 
 XQGHUZHQW 7(06 DQG   XQGHUZHQW VHJPHQWDO ERZHO UHVHFWLRQ ,Q WRWDO 
 SDWLHQWV XQGHUZHQW DGMXYDQW FKHPRWKHUDS\ 0HGLDQ IROORZXS RI VXUYLYRUV ZDV 
PRQWKV ,45  PRQWKV

 ([SUHVVLRQ RI 1,.
1,. H[SUHVVLRQ ZDV LQYHVWLJDWHG LQ WKH IXOO FRKRUW RI  SDWLHQWV  SDWLHQWV KDG PLVVLQJ
FRUHV RU LQVXIILFLHQW WXPRXU IRU DQDO\VLV DQG IROORZLQJ H[FOXVLRQV  SDWLHQWV ZHUH
LQFOXGHG IRU DQDO\VLV ([SUHVVLRQ RI 1,. ZDV REVHUYHG DW WKH F\WRSODVPLF DQG QXFOHDU
OHYHO 7KH KLVWRVFRUH UDQJH IRU F\WRSODVPLF 1,. UDQJHG IURP  WR  ([SUHVVLRQ RI
F\WRSODVPLF 1,. ZDV JUDGHG DV HLWKHU ORZ RU KLJK 7KUHVKROGV IRU DQDO\VLV ZHUH FDOFXODWHG
XVLQJ PHGLDQ YDOXHV D KLVWRVFRUH ! ZDV FRQVLGHUHG DV KLJK H[SUHVVLRQ 2QO\  SDWLHQWV
GLVSOD\HG H[SUHVVLRQ RI 1,. DW WKH QXFOHDU OHYHO ZLWK D KLVWRVFRUH UDQJH IURP  WR  )RU
WKH SXUSRVHV RI DQDO\VLV QXFOHDU H[SUHVVLRQ RI 1,. ZDV FRQVLGHUHG DV HLWKHU DEVHQW RU
SUHVHQW 2Q &KLVTXDUH DQDO\VLV WKHUH ZDV QR DVVRFLDWLRQ EHWZHHQ F\WRSODVPLF DQG
QXFOHDU H[SUHVVLRQ RI 1,. S  7KHUH ZDV JRRG FRUUHODWLRQ RI VFRUHV EHWZHHQ
REVHUYHUV ZLWK ,&&& VFRUHV RI  IRU F\WRSODVPLF H[SUHVVLRQ DQG  IRU QXFOHDU
H[SUHVVLRQ RI 1,.
)LJXUH  ([SUHVVLRQ RI 1,. +LVWRJUDPV VKRZ GLVWULEXWLRQ RI DYHUDJH KLVWRVFRUHV
DFURVV WKUHH WXPRXU FRUHV IRU F\WRSODVPLF $ DQG QXFOHDU 1,. %
 1,. FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG WKH WXPRXU
PLFURHQYLURQPHQW
&KLVTXDUH DQDO\VLV ZDV SHUIRUPHG WR DVVHVV WKH DVVRFLDWLRQ ZLWK FOLQLFRSDWKRORJLFDO
IDFWRUV RI WKH FRKRUW LQFOXGLQJ DJH VH[ W\SH RI VXUJHU\ SROSHFWRP\7(06 RU VHJPHQWDO
ERZHO UHVHFWLRQ WXPRXU ORFDWLRQ ULJKW FRORQOHIW FRORQUHFWXP DGMXYDQW WKHUDS\ 710
VWDJH WXPRXU GLIIHUHQWLDWLRQ YHQRXV LQYDVLRQ SUROLIHUDWLRQ .OLQWUXS0lNLQHQ JUDGH DQG
WXPRXU VWURPD SHUFHQWDJH ([SUHVVLRQ RI F\WRSODVPLF 1,. ZDV DVVRFLDWHG ZLWK JUHDWHU
OLNHOLKRRG RI XQGHUJRLQJ VHJPHQWDO ERZHO UHVHFWLRQ DV RSSRVHG WR SRO\SHFWRP\7(06
%$

DORQH S  +RZHYHU WKHUH ZDV QR DVVRFLDWLRQ ZLWK SDWLHQW DJH S  VH[
S  WXPRXU ORFDWLRQ S  RU DGPLQLVWUDWLRQ RI DGMXYDQW FKHPRWKHUDS\
S  &\WRSODVPLF 1,. ZDV QRW DVVRFLDWHG ZLWK 710 VWDJH S  WXPRXU
GLIIHUHQWLDWLRQ S  YHQRXV LQYDVLRQ S  RU SUROLIHUDWLRQ S  :LWK
UHVSHFW WR WKH WXPRXU PLFURHQYLURQPHQW F\WRSODVPLF 1,. H[SUHVVLRQ ZDV QRW DVVRFLDWHG
ZLWK .OLQWUXS0lNLQHQ JUDGH S  RU WXPRXU VWURPD SHUFHQWDJH S 
([SUHVVLRQ RI QXFOHDU 1,. ZDV QRW DVVRFLDWHG ZLWK SDWLHQW DJH S  VH[ S 
W\SH RI VXUJHU\ S  WXPRXU ORFDWLRQ S  RU DGPLQLVWUDWLRQ RI DGMXYDQW
FKHPRWKHUDS\ S  1XFOHDU 1,. ZDV QRW DVVRFLDWHG ZLWK 710 VWDJH S 
WXPRXU GLIIHUHQWLDWLRQ S  YHQRXV LQYDVLRQ S  RU SUROLIHUDWLRQ S 
:LWK UHVSHFW WR WKH WXPRXU PLFURHQYLURQPHQW QXFOHDU 1,. H[SUHVVLRQ ZDV QRW DVVRFLDWHG
ZLWK .OLQWUXS0lNLQHQ JUDGH S  RU WXPRXU VWURPD SHUFHQWDJH S 
 1,. H[SUHVVLRQ DQG VXUYLYDO
7R GHWHUPLQH ZKHWKHU 1,. H[SUHVVLRQ ZDV VLJQLILFDQWO\ DVVRFLDWHG ZLWK FOLQLFDO RXWFRPH
LQ WKLV VFUHHQGHWHFWHG FRKRUW RI 77 &5& .DSODQ0HLHU VXUYLYDO FXUYHV ZHUH SORWWHG
ORZ DQG KLJK H[SUHVVLRQ ZDV FRPSDUHG XVLQJ WKH ORJ UDQN WHVW ([SUHVVLRQ RI F\WRSODVPLF
1,. S  RU QXFOHDU 1,. ZDV QRW DVVRFLDWHG ZLWK 26 S  )LJXUH 
)LJXUH  1,. H[SUHVVLRQ DQG VXUYLYDO &\WRSODVPLF $ DQG QXFOHDU % 1,.
H[SUHVVLRQ ZDV QRW DVVRFLDWHG ZLWK 26
$ %

 ([SUHVVLRQ RI ,..Į
,..Į H[SUHVVLRQ ZDV LQYHVWLJDWHG LQ WKH IXOO FRKRUW RI  SDWLHQWV  SDWLHQWV KDG FRUHV
PLVVLQJ RU LQVXIILFLHQW WXPRXU IRU DQDO\VLV DQG IROORZLQJ H[FOXVLRQV  SDWLHQWV ZHUH
LQFOXGHG IRU DQDO\VLV ([SUHVVLRQ RI ,..Į ZDV REVHUYHG DW WKH F\WRSODVPLF DQG QXFOHDU
OHYHO $V GHVFULEHG LQ &KDSWHU  D SURSRUWLRQ RI SDWLHQWV GHPRQVWUDWHG D GLVWLQFW SDWWHUQ RI
MX[WDQXFOHDU SXQFWDWH VWDLQLQJ ZLWKLQ WKH F\WRSODVP 5HVXOWV ZLOO EH GLVFXVVHG ZLWK UHVSHFW
WR WKHVH WKUHH VLWHV RI ,..Į H[SUHVVLRQ 7KH KLVWRVFRUH UDQJH IRU F\WRSODVPLF ,..Į UDQJHG
IURP  WR  ([SUHVVLRQ RI F\WRSODVPLF ,..Į ZDV JUDGHG DV HLWKHU ORZ RU KLJK
7KUHVKROGV IRU DQDO\VLV ZHUH FDOFXODWHG XVLQJ PHGLDQ YDOXHV D KLVWRVFRUH ! ZDV
FRQVLGHUHG DV KLJK H[SUHVVLRQ 7KH KLVWRVFRUH UDQJH IRU QXFOHDU ,..Į UDQJHG IURP  WR
 ([SUHVVLRQ RI QXFOHDU ,..Į ZDV JUDGHG DV HLWKHU ORZ RU KLJK 7KUHVKROGV IRU DQDO\VLV
ZHUH FDOFXODWHG XVLQJ PHGLDQ YDOXHV D KLVWRVFRUH ! ZDV FRQVLGHUHG DV KLJK H[SUHVVLRQ
([SUHVVLRQ RI F\WRSODVPLF ,..Į FRUUHODWHG ZLWK H[SUHVVLRQ RI QXFOHDU ,..Į 3HDUVRQ¶V
U  S  $V SXQFWDWH H[SUHVVLRQ ZDV QRW D FRQWLQXRXV YDULDEOH &KLVTXDUHG WHVW
ZDV XVHG WR FRPSDUH LW ZLWK F\WRSODVPLFQXFOHDU H[SUHVVLRQ 3XQFWDWH H[SUHVVLRQ RI ,..Į
ZDV GLUHFWO\ DVVRFLDWHG ZLWK F\WRSODVPLF H[SUHVVLRQ S  KRZHYHU ZDV QRW
DVVRFLDWHG ZLWK QXFOHDU ,..Į S  7KHUH ZDV JRRG FRUUHODWLRQ RI VFRUHV EHWZHHQ
REVHUYHUV ZLWK ,&&& VFRUHV RI  IRU F\WRSODVPLF  IRU QXFOHDU DQG  IRU SXQFWDWH
H[SUHVVLRQ RI ,..Į

)LJXUH  ([SUHVVLRQ RI ,..Į +LVWRJUDPV VKRZ GLVWULEXWLRQ RI DYHUDJH KLVWRVFRUHV
DFURVV WKUHH WXPRXU FRUHV IRU F\WRSODVPLF $ DQG QXFOHDU ,..Į % %DU FKDUW & VKRZV
IUHTXHQF\ RI SXQFWDWH H[SUHVVLRQ FDWHJRULHV
 ,..Į FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG WKH WXPRXU
PLFURHQYLURQPHQW
([SUHVVLRQ RI F\WRSODVPLF ,..Į ZDV DVVRFLDWHG ZLWK JUHDWHU OLNHOLKRRG RI XQGHUJRLQJ
VHJPHQWDO ERZHO UHVHFWLRQ DV RSSRVHG WR SRO\SHFWRP\7(06 DORQH S  EXW ZDV QRW
DVVRFLDWHG ZLWK SDWLHQW DJH S  VH[ S  WXPRXU ORFDWLRQ ULJKW FRORQOHIW
FRORQUHFWXP S  RU DGPLQLVWUDWLRQ RI DGMXYDQW FKHPRWKHUDS\ S  ,Q WHUPV
RI WXPRXU FKDUDFWHULVWLFV KLJK H[SUHVVLRQ RI F\WRSODVPLF ,..Į ZDV DVVRFLDWHG ZLWK
LQFUHDVLQJ 7 VWDJH S  1 VWDJH S  DQG 710 VWDJH S  EXW ZDV QRW
DVVRFLDWHG ZLWK WXPRXU GLIIHUHQWLDWLRQ S  YHQRXV LQYDVLRQ S  RU
SUROLIHUDWLRQ S  :LWK UHVSHFW WR WKH WXPRXU PLFURHQYLURQPHQW H[SUHVVLRQ RI
F\WRSODVPLF ,..Į ZDV GLUHFWO\ DVVRFLDWHG ZLWK .OLQWUXS0lNLQHQ JUDGH S  EXW ZDV
QRW DVVRFLDWHG ZLWK WXPRXU VWURPD SHUFHQWDJH S  $VVRFLDWLRQV EHWZHHQ
F\WRSODVPLF ,..Į FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG WKH WXPRXU PLFURHQYLURQPHQW







([SUHVVLRQ RI QXFOHDU ,..Į ZDV DVVRFLDWHG ZLWK ULJKWVLGHG WXPRXU ORFDWLRQ S  EXW
ZDV QRW DVVRFLDWHG ZLWK SDWLHQW DJH S  VH[ S  W\SH RI VXUJHU\ S  RU
DGPLQLVWUDWLRQ RI DGMXYDQW FKHPRWKHUDS\ S  1XFOHDU 1,. ZDV QRW DVVRFLDWHG ZLWK
710 VWDJH S  WXPRXU GLIIHUHQWLDWLRQ S  YHQRXV LQYDVLRQ S  RU
SUROLIHUDWLRQ S  :LWK UHVSHFW WR WKH WXPRXU PLFURHQYLURQPHQW QXFOHDU ,..Į
H[SUHVVLRQ ZDV QRW DVVRFLDWHG ZLWK .OLQWUXS0lNLQHQ JUDGH S  RU WXPRXU VWURPD
SHUFHQWDJH S 
([SUHVVLRQ RI SXQFWDWH ,..Į ZDV DVVRFLDWHG ZLWK ROGHU DJH S  DQG DGPLQLVWUDWLRQ
RI DGMXYDQW FKHPRWKHUDS\ S  EXW QRW ZLWK SDWLHQW VH[ S  W\SH RI VXUJHU\
S  RU WXPRXU ORFDWLRQ S  ,Q WHUPV RI WXPRXU FKDUDFWHULVWLFV KLJKHU
H[SUHVVLRQ RI SXQFWDWH ,..Į ZDV GLUHFWO\ DVVRFLDWHG ZLWK 1 VWDJH S  EXW QRW ZLWK 7
VWDJH S  710 VWDJH S  GLIIHUHQWLDWLRQ S  YHQRXV LQYDVLRQ
S  RU SUROLIHUDWLRQ S  :LWK UHVSHFW WR WKH WXPRXU PLFURHQYLURQPHQW
H[SUHVVLRQ RI SXQFWDWH ,..Į ZDV QRW DVVRFLDWHG ZLWK .OLQWUXS0lNLQHQ JUDGH S  RU
WXPRXU VWURPD SHUFHQWDJH S  $VVRFLDWLRQV EHWZHHQ SXQFWDWH ,..Į H[SUHVVLRQ





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 ,..Į H[SUHVVLRQ DQG VXUYLYDO
7R GHWHUPLQH ZKHWKHU ,..Į H[SUHVVLRQ ZDV VLJQLILFDQWO\ DVVRFLDWHG ZLWK FOLQLFDO RXWFRPH
.DSODQ0HLHU VXUYLYDO FXUYHV IRU F\WRSODVPLF QXFOHDU DQG SXQFWDWH H[SUHVVLRQ ZHUH
SORWWHG OHYHOV RI H[SUHVVLRQ ZHUH FRPSDUHG XVLQJ WKH ORJ UDQN WHVW ([SUHVVLRQ RI
F\WRSODVPLF ,..Į S  QXFOHDU ,..Į S  DQG SXQFWDWH ,..Į S  ZDV
QRW DVVRFLDWHG ZLWK 26
 ([SUHVVLRQ RI 5HO%
5HO% H[SUHVVLRQ ZDV LQYHVWLJDWHG LQ WKH IXOO FRKRUW RI  SDWLHQWV  SDWLHQWV KDG PLVVLQJ
FRUHV RU LQVXIILFLHQW WXPRXU IRU DQDO\VLV DQG IROORZLQJ H[FOXVLRQV  SDWLHQWV ZHUH
LQFOXGHG IRU DQDO\VLV ([SUHVVLRQ RI 5HO% ZDV RQO\ REVHUYHG DW WKH F\WRSODVPLF OHYHO 7KH
KLVWRVFRUH UDQJH IRU F\WRSODVPLF 5HO% UDQJHG IURP  WR  ([SUHVVLRQ RI F\WRSODVPLF
5HO% ZDV JUDGHG DV HLWKHU ORZ RU KLJK 7KUHVKROGV IRU DQDO\VLV ZHUH FDOFXODWHG XVLQJ
PHGLDQ YDOXHV D KLVWRVFRUH ! ZDV FRQVLGHUHG DV KLJK H[SUHVVLRQ 7KHUH ZDV JRRG
FRUUHODWLRQ RI VFRUHV EHWZHHQ REVHUYHUV ZLWK ,&&& VFRUHV RI  IRU F\WRSODVPLF
H[SUHVVLRQ DQG  IRU QXFOHDU H[SUHVVLRQ RI 5HO%
)LJXUH  ([SUHVVLRQ RI 5HO% +LVWRJUDP VKRZV GLVWULEXWLRQ RI DYHUDJH KLVWRVFRUHV
DFURVV WKUHH WXPRXU FRUHV IRU F\WRSODVPLF 5HO% $

 5HO% FOLQLFRSDWKRORJLFDO FKDUDFWHULVWLFV DQG WKH WXPRXU
PLFURHQYLURQPHQW
([SUHVVLRQ RI F\WRSODVPLF 5HO% ZDV QRW DVVRFLDWHG ZLWK SDWLHQW DJH S  VH[
S  W\SH RI VXUJHU\ S  WXPRXU ORFDWLRQ ULJKW FRORQOHIW FRORQUHFWXP
S  RU DGPLQLVWUDWLRQ RI DGMXYDQW FKHPRWKHUDS\ S  /RZ 5HO% H[SUHVVLRQ
ZDV DVVRFLDWHG ZLWK SRRU WXPRXU GLIIHUHQWLDWLRQ S  KRZHYHU ZDV QRW DVVRFLDWHG
ZLWK 710 VWDJH S  YHQRXV LQYDVLRQ S  RU SUROLIHUDWLRQ S  :LWK
UHVSHFW WR WKH WXPRXU PLFURHQYLURQPHQW 5HO% ZDV QRW DVVRFLDWHG ZLWK .OLQWUXS0lNLQHQ
JUDGH S  RU WXPRXU VWURPD SHUFHQWDJH S 
 5HO% H[SUHVVLRQ DQG VXUYLYDO
7R GHWHUPLQH ZKHWKHU F\WRSODVPLF 5HO% H[SUHVVLRQ ZDV VLJQLILFDQWO\ DVVRFLDWHG ZLWK
FOLQLFDO RXWFRPH D .DSODQ0HLHU VXUYLYDO FXUYH ZDV SORWWHG OHYHOV RI H[SUHVVLRQ ZHUH
FRPSDUHG XVLQJ WKH ORJ UDQN WHVW ([SUHVVLRQ RI F\WRSODVPLF 5HO% ZDV QRW DVVRFLDWHG ZLWK
26 S 
 $VVRFLDWLRQV EHWZHHQ PHPEHUV RI WKH QRQFDQRQLFDO
1)ț% SDWKZD\
7R XQGHUVWDQG WKH UHODWLRQVKLS EHWZHHQ H[SUHVVLRQ RI GLIIHUHQW SDWKZD\ PHPEHUV
3HDUVRQ¶V FRUUHODWLRQ FRHIILFLHQW ZDV XVHG WR DQDO\VH FRQWLQXRXV YDULDEOHV DQG &KLVTXDUH
WHVW ZDV XVHG WR DQDO\VH H[SUHVVLRQ EHWZHHQ QRQFRQWLQXRXV YDULDEOHV &\WRSODVPLF 1,.
H[SUHVVLRQ FRUUHODWHG ZLWK F\WRSODVPLF ,..Į 3HDUVRQ¶V U  S EXW GLG QRW
FRUUHODWH ZLWK F\WRSODVPLF H[SUHVVLRQ RI 5HO% 3HDUVRQ¶V U  S  $V QXFOHDU
1,. ZDV D QRQFRQWLQXRXV YDULDEOH &KLVTXDUH DQDO\VLV ZDV XVHG WR DVVHVV WKH
DVVRFLDWLRQV ZLWK WKH RWKHU SURWHLQV 1XFOHDU H[SUHVVLRQ RI 1,. ZDV QRW DVVRFLDWHG ZLWK
F\WRSODVPLF ,..Į S  QXFOHDU ,..Į S  RU F\WRSODVPLF 5HO% S 
&\WRSODVPLF ,..Į GLG QRW FRUUHODWH ZLWK F\WRSODVPLF 5HO% 3HDUVRQ¶V U  S 
1XFOHDU ,..Į ZDV QRW DVVRFLDWHG ZLWK F\WRSODVPLF 5HO% S 

)LJXUH  $VVRFLDWLRQV EHWZHHQ PHPEHUV RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\
*UHHQ GDVKHG OLQH UHSUHVHQWV SRVLWLYH FRUUHODWLRQ EHWZHHQ SURWHLQV $GDSWHG IURP 3DWHO HW
DO 
 &RPELQHG F\WRSODVPLF SURWHLQ H[SUHVVLRQ DQG VXUYLYDO
$V WKHUH ZDV SRVLWLYH FRUUHODWLRQ EHWZHHQ H[SUHVVLRQ RI F\WRSODVPLF 1,. DQG ,..Į
H[SUHVVLRQ OHYHOV ZHUH FRPELQHG WR FUHDWH WZR JURXSV  ORZ H[SUHVVLRQ RI 1,. DQG ,..Į
Q  DQG  SDWLHQWV ZLWK KLJK H[SUHVVLRQ RI HLWKHU 1,. ,..Į RU ERWK Q  $OWKRXJK
WKHUH ZDV QR VLJQLILFDQW DVVRFLDWLRQ EHWZHHQ FRPELQHG F\WRSODVPLF SURWHLQV DQG 26 LW ZDV
RI LQWHUHVW WKDW WKHUH ZHUH  GHDWKV LQ WKH ORZ H[SUHVVLRQ JURXS DQG  LQ WKH KLJK
H[SUHVVLRQ JURXS S 

)LJXUH  &RPELQHG F\WRSODVPLF SURWHLQV 1,. DQG ,..Į DQG VXUYLYDO &RPELQHG




7KH UHVXOWV RI WKH SUHVHQW VWXG\ GHPRQVWUDWH WKDW LQ SDWLHQWV ZLWK VFUHHQGHWHFWHG 77
&5& XSUHJXODWLRQ RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ ZDV DVVRFLDWHG ZLWK DQ DGYHUVH
WXPRXU SKHQRW\SH 6SHFLILFDOO\ KLJK H[SUHVVLRQ RI ,..Į ZDV DVVRFLDWHG ZLWK WXPRXU
LQYDVLYHQHVV DQG WKHUHIRUH D JUHDWHU OLNHOLKRRG RI SDWLHQWV XQGHUJRLQJ IRUPDO VHJPHQWDO
ERZHO UHVHFWLRQ UDWKHU WKDQ ORFDO UHVHFWLRQ DORQH LH SRO\SHFWRP\ RU 7(06 $OWKRXJK ORZ
SDWLHQW QXPEHUV DQG HYHQWV OLPLWHG D VWDWLVWLFDOO\ PHDQLQJIXO VXUYLYDO DQDO\VLV LW ZDV RI
LQWHUHVW WKDW D JUHDWHU QXPEHU RI GHDWKV LQ SDWLHQWV ZLWK KLJK H[SUHVVLRQ RI QRQFDQRQLFDO
SURWHLQV ZHUH REVHUYHG 7KH UHVXOWV IURP WKLV FKDSWHU GHPRQVWUDWH WKDW ,..Į ZDV
H[SUHVVHG LQ HDUO\ VWDJH GLVHDVH DQG WKHUHIRUH QRQFDQRQLFDO 1)ț% XSUHJXODWLRQ LV OLNHO\
WR EH DQ LPSRUWDQW HDUO\ HYHQW LQ WKH WXPRXULJHQLF SURFHVV )RU H[DPSOH &RORPHU DQG FR
ZRUNHUV UHSRUWHG GHILFLHQF\ RI ,..Į LQ $3& PXWDWHG PLFH UHGXFHG WXPRXU LQLWLDWLRQ DQG
SUROLIHUDWLRQ EXW ZDV QRW UHTXLUHG IRU QRUPDO WLVVXH KRPHRVWDVLV  7KH EHQHILWV RI WKH
&5& VFUHHQLQJ SURJUDPPH KDYH EHHQ XQGHU VFUXWLQ\ DV GLVFXVVHG HDUOLHU LQ WKLV WKHVLV
UHVXOWV IURP FOLQLFDO WULDOV RI SDWLHQWV HQUROOHG LQ D &5& VFUHHQLQJ SURJUDPPH KDYH IDLOHG
WR H[SODLQ WKH GHFOLQH LQ &5& PRUWDOLW\ 1RQHWKHOHVV WKHVH SDWLHQWV RIIHU D XQLTXH
RSSRUWXQLW\ WR VWXG\ HDUO\ WXPRXUV EHIRUH SDWLHQWV EHFRPH V\PSWRPDWLF 7KH UHVXOWV
SUHVHQWHG LQ WKLV FKDSWHU VXSSRUW WKH QRWLRQ WKDW ,..Į KDV DQ LPSRUWDQW UROH LQ WKH HDUO\
VWDJHV RI &5& GHYHORSPHQW
&RORUHFWDO SRO\SV DUH EHQLJQ SUHFXUVRU OHVLRQV ZLWK PDOLJQDQW SRWHQWLDO 2YHU WLPH SRO\SV
FDQ WUDQVIRUP LQWR LQYDVLYH FDQFHUV 3DWLHQWV ZLWK FRORUHFWDO SRO\SV DUH RIWHQ SODFHG RQ
VXUYHLOODQFH SURJUDPPHV ZKLFK UHTXLUH FRORQRVFRS\ DW UHJXODU LQWHUYDOV 3RO\SV FDQ EH
ORZ RU KLJKULVN DQG DW SUHVHQW SRO\S VL]H QXPEHU DQG KLVWRORJLFDO IHDWXUHV GHWHUPLQH WKH
IUHTXHQF\ RI FRORQRVFRS\ ,W ZRXOG EH RI LQWHUHVW IRU IXWXUH VWXGLHV WR LQYHVWLJDWH WKH
H[SUHVVLRQ RI ,..Į LQ SUHPDOLJQDQW FRORUHFWDO SRO\SV ZLWK YDU\LQJ JUDGHV RI G\VSODVLD
7KLV PD\ RIIHU PRUH WDUJHWHG VXUYHLOODQFH IRU SDWLHQWV DW KLJKULVN RI GHYHORSLQJ QHZ
SRO\SV DQG UHGXFHG WKH QXPEHU RI XQQHFHVVDU\ FRORQRVFRSLHV ZKLFK ZRXOG KDYH ERWK








7KH UHVXOWV IURP &KDSWHUV  DQG  UHSRUW D GLVWLQFW SDWWHUQ RI SXQFWDWH MX[WDQXFOHDU ,..Į
VWDLQLQJ )LJXUH  ,Q WKH *ODVJRZ FRKRUW WKLV ZDV DVVRFLDWHG ZLWK VLJQLILFDQW UHGXFWLRQ
LQ &66 LQ SDWLHQWV ZKR KDG XQGHUJRQH VXUJHU\ IRU VWDJH ,,,, &5& $QWLERG\ VSHFLILFLW\
H[SHULPHQWV IRU ,..Į KDYH EHHQ SHUIRUPHG SUHYLRXVO\ LQ WKH KRVW ODERUDWRU\ DQG LW KDV
EHHQ HVWDEOLVKHG WKDW WKH DQWLERG\ LV VSHFLILF IRU ,..Į :HVWHUQ EORWWLQJ XVLQJ WKH DQWL
,..Į DQWLERG\ VKRZV D VLQJOH EDQG RI WKH DSSURSULDWH VL]H  N'D DQG H[SUHVVLRQ
FKDQJHV LQ UHVSRQVH WR VL51$ VLOHQFLQJ RI ,..Į ZKLOVW VL51$ VLOHQFLQJ RI ,..ȕ GRHV
QRW DOWHU H[SUHVVLRQ ,Q DGGLWLRQ ZKHQ WKH FHOOV ZHUH IL[HG DQG SDUDIILQ HPEHGGHG D
VLPLODU FKDQJH LQ H[SUHVVLRQ ZDV REVHUYHG XVLQJ ,+& )LJXUH  7KH ILJXUH EHORZ KDV
EHHQ LQFOXGHG WR GHPRQVWUDWH ,..Į DQWLERG\ VSHFLILFLW\ KDV EHHQ FRQILUPHG DQG ZH DUH
FRQILGHQW WKDW WKH SURWHLQ WKDW ZDV GHWHFWHG LV LQGHHG ,..Į
)LJXUH  9DOLGDWLRQ RI WKH DQWL,..Į DQWLERG\ $ :HVWHUQ EORW VKRZLQJ D VLQJOH
EDQG RI DSSURSULDWH VL]H  N'D $ UHGXFWLRQ LQ H[SUHVVLRQ ZDV REVHUYHG LQ O\VDWHV IURP
,..ĮVLOHQFHG EXW QRW LQ ,..ȕVLOHQFHG /1&D3 FHOOV DQG % SDUDIILQ HPEHGGHG FHOO
SHOOHWV RI /1&D3 FHOOV WUHDWHG ZLWK VL51$ VKRZHG GHFUHDVH LQ H[SUHVVLRQ LQ ,..ĮVLOHQFHG
EXW QRW ,..ȕVLOHQFHG FRPSDUHG WR FRQWURO FHOOV
$ %

$V WKH DQWLERG\ ZDV VSHFLILF IRU ,..Į LW ZDV K\SRWKHVLVHG WKDW WKLV SDWWHUQ RI VWDLQLQJ PD\
EH UHSUHVHQWDWLYH RI ,..Į SKRVSKRU\ODWLRQ VLWHV RU WKH DFFXPXODWLRQ RI ,..Į ZLWKLQ D
VSHFLILF FHOOXODU VWUXFWXUH ORFDWHG LQ WKH SHULQXFOHDU UHJLRQ 7KH ILJXUH EHORZ LV D KLJKHU
UHVROXWLRQ LPDJH RI WKH SXQFWDWH ,..Į VWDLQLQJ FDSWXUHG E\ 'U /HR &DUOLQ DW WKH &58.
%HDWVRQ ,QVWLWXWH ,PDJLQJ )DFLOLW\ *ODVJRZ
)LJXUH  /RFDOLVDWLRQ RI ,..Į LQ WKH SHULQXFOHDU VSDFH ,..Į LV LGHQWLILHG LQ D
MX[WDQXFOHDU SRVLWLRQ LQ HSLWKHOLDO FRORUHFWDO FDQFHU WLVVXH EODFN DUURZV LPDJHV
DFTXLUHG RQ DQ 2O\PSXV %; [  1$ RLO OHQV ZLWK D =HLVV $[LRFDP  FRORXU
FDPHUD VFDOH EDU UHSUHVHQWV P
P

 ,PPXQRKLVWRFKHPLFDO H[SUHVVLRQ RI ,..Į LQ RWKHU
FDQFHUV
7R XQGHUVWDQG ZKHWKHU SXQFWDWH ,..Į H[SUHVVLRQ UHSRUWHG LQ &KDSWHUV  DQG  ZDV
REVHUYHG LQ RWKHU VROLG FDQFHUV WLVVXH LPDJHV IURP VWXGLHV ZLWKLQ WKH KRVW ODE WKDW KDYH
SUHYLRXVO\ LQYHVWLJDWHG ,..Į XVLQJ WKH VDPH DQWLERG\ ZHUH UHYLHZHG RQ 6OLGHSDWK 'LJLWDO
,PDJH +XE /HLFD %LRV\VWHPV 1HZFDVWOH 8. ,..Į H[SUHVVLRQ LQ EUHDVW 'U /LQGVD\
%HQQHWW DQG SURVWDWH FDQFHU 0U /HZLV 0FNHQ]LH ZDV REVHUYHG DW WKH F\WRSODVPLF DQG
QXFOHDU OHYHO KRZHYHU SXQFWDWH ,..Į H[SUHVVLRQ ZDV QRW REVHUYHG LQ DQ\ RI WKH 
EUHDVW FDQFHU VSHFLPHQV RU  SURVWDWH FDQFHU VSHFLPHQV WKDW ZHUH DYDLODEOH IRU
DVVHVVPHQW
)LJXUH  ,..Į LQ RWKHU VROLG FDQFHUV /RFDOLVDWLRQ RI ,..Į LQ WKH SHULQXFOHDU VSDFH
ZDV QRW REVHUYHG LQ SDWLHQWV ZLWK EUHDVW $ RU SURVWDWH FDQFHU % LPDJHV WDNHQ DW [
PDJQLILFDWLRQ VFDOH EDU UHSUHVHQWV ȝP
$ %

 ,QYHVWLJDWLRQ RI ,..Į SKRVSKRU\ODWLRQ VLWHV
3KRVSKRU\ODWLRQ LV NH\ WR WKH UHJXODWRU\ SURFHVVHV WKDW FRQWURO 1)ț% :H K\SRWKHVLVHG
WKDW SXQFWDWH ,..Į H[SUHVVLRQ UHSUHVHQWHG VLWHV RI ,..Į SKRVSKRU\ODWLRQ 7R XQGHUVWDQG
ZKHWKHU WKH VWDLQLQJ SDWWHUQ RI LQWHUHVW ZDV UHSUHVHQWDWLYH RI QRQFDQRQLFDO ,..Į
H[SUHVVLRQ RU LQGHHG EHKDYLRXU RI ,..Į LQGHSHQGHQW RI WUDGLWLRQDO QRQFDQRQLFDO
VLJQDOOLQJ SKRVSKRU\ODWLRQ VLWHV RI ,..Į ZHUH LQYHVWLJDWHG 7ZR SKRVSKRU\ODWLRQ VLWHV
ZHUH LQYHVWLJDWHG VHULQH  WKH VLWH ZKHUH 1,. SKRVSKRU\ODWHV ,..Į  DQG WKHUHIRUH
UHSUHVHQWDWLYH RI QRQFDQRQLFDO ,..Į H[SUHVVLRQ DQG WKUHRQLQH  WKH VLWH RI $NW
PHGLDWHG ,..Į SKRVSKRU\ODWLRQ  ,PPXQRKLVWRFKHPLVWU\ ZDV XVHG WR VWDLQ FRORUHFWDO
70$V ZLWK WKH UHOHYDQW DQWLERGLHV 3XQFWDWH ,..Į H[SUHVVLRQ ZDV QRW REVHUYHG ZLWK
HLWKHU RI WKH SKRVSKRU\ODWLRQ VLWHV WKDW ZHUH LQYHVWLJDWHG VXJJHVWLQJ WKDW WKLV LV QRW
DVVRFLDWHG ZLWK SKRVSKRU\ODWLRQ DQG PLJKW UHSUHVHQW WKH SURWHLQ EHIRUH RU DIWHU
SKRVSKRU\ODWLRQ KDV RFFXUUHG
)LJXUH  ,..Į SKRVSKRU\ODWLRQ VLWHV 3XQFWDWH ,..Į H[SUHVVLRQ ZDV QRW REVHUYHG
ZLWK ,..Į SKRVSKRU\ODWLRQ VLWHV 6 $ RU 7 % LQ HSLWKHOLDO FRORUHFWDO FDQFHU WLVVXH





,+& UHVXOWV IURP &KDSWHUV  DQG  GHPRQVWUDWHG ORFDOLVDWLRQ RI ,..Į LQ WKH SHULQXFOHDU
VSDFH ,Q WKH *ODVJRZ FRKRUW WKLV ZDV DVVRFLDWHG ZLWK VLJQLILFDQWO\ UHGXFHG &66 DQG VR LW
ZDV RI LQWHUHVW WR LQYHVWLJDWH WKLV IXUWKHU ZLWK LPPXQRIOXRUHVFHQFH WR HQDEOH KLJKHU
UHVROXWLRQ RI WKH VWDLQLQJ SDWWHUQ $QWL,..Į *HQZD\ *:% XVHG IRU ,+& LQ
&KDSWHUV  DQG  ZDV RSWLPLVHG RQ &5& 70$V $ IOXRUHVFHQW VWDLQLQJ SDWWHUQ FRPSDUDEOH
WR WKDW REVHUYHG ZLWK ,+& ZDV LGHQWLILHG LQ D QXPEHU RI SDWLHQWV $V ZLWK ,+& WKHUH ZDV D
YDULDWLRQ LQ WKH QXPEHU DQG VL]H RI WKHVH GLVFUHWH DUHDV
)LJXUH  ,..Į LPPXQRIOXRUHVFHQFH 3XQFWDWH H[SUHVVLRQ RI ,..Į UHG LQ WKH
SHULQXFOHDU VSDFH ZDV REVHUYHG '$3, EOXH UHSUHVHQWV QXFOHDU FRXQWHUVWDLQ ([DPSOHV
RI ORZ $ PRGHUDWH % DQG KLJK & H[SUHVVLRQ RI SXQFWDWH ,..Į LPDJHV WDNHQ DW [





,W ZDV RI LQWHUHVW WKDW H[SUHVVLRQ RI SXQFWDWH ,..Į ZDV DOVR REVHUYHG LQ QRUPDO FRORUHFWDO
WLVVXH IRXQG DGMDFHQW WR WXPRXU VDPSOHV )LJXUH  GHPRQVWUDWHV SXQFWDWH VWDLQLQJ ZLWKLQ
QRUPDO FRORQLF HSLWKHOLDO FHOOV
)LJXUH  ,..Į H[SUHVVLRQ LQ QRUPDO FRORUHFWDO WLVVXH 3XQFWDWH ,..Į UHG
H[SUHVVLRQ ZDV DOVR REVHUYHG LQ QRUPDO FRORUHFWDO HSLWKHOLDO WLVVXH DGMDFHQW WR WXPRXU
'$3, EOXH UHSUHVHQWV QXFOHDU FRXQWHUVWDLQ ,PDJHV WDNHQ DW [ PDJQLILFDWLRQ XVLQJ D
=(,66 /60  FRQIRFDO PLFURVFRSH VFDOH EDU UHSUHVHQWV ȝP

 'XDO LPPXQRIOXRUHVFHQFH ± ,..Į DQG PDUNHUV RI FHOOXODU
WUDQVSRUW
 ,QWURGXFWLRQ
:H K\SRWKHVLVHG WKDW SXQFWDWH H[SUHVVLRQ RI ,..Į ZDV UHSUHVHQWDWLYH RI ,..Į ORFDOLVHG
ZLWKLQ D VSHFLILF FHOOXODU FRPSDUWPHQW HJ HQGRO\VRVRPDO FRPSDUWPHQW RU WKH *ROJL
8VLQJ SULPDU\ DQWLERGLHV UDLVHG LQ GLIIHUHQW KRVW VSHFLHV PDUNHUV RI WKHVH FHOOXODU
VWUXFWXUHV ZHUH LQYHVWLJDWHG XVLQJ GXDO IOXRUHVFHQFH ZLWK ,..Į 6WDLQLQJ ZDV RSWLPLVHG RQ
&5& WLVVXH VSHFLPHQV ([FKDQJH RI VXEVWDQFHV EHWZHHQ FRPSDUWPHQWV RI D FHOO LV
PHGLDWHG E\ YHVLFXODU WUDQVSRUW 7KH HQGRF\WLF FRPSDUWPHQW KDV D NH\ UROH LQ VRUWLQJ
FHOOXODU FDUJR EHWZHHQ WKH SODVPD PHPEUDQH WKH *ROJL DSSDUDWXV DQG O\VRVRPH IRU
UHF\FOLQJ RU GHJUDGDWLRQ  (QGRF\WLF YHVLFOHV WKDW EXG IURP WKH SODVPD PHPEUDQH
IXVH WR IRUP WKH HDUO\ HQGRVRPH ZKLFK VXEVHTXHQWO\ PDWXUH WR ODWH HQGRVRPHV 7KH HDUO\
HQGRVRPH LV D GLYHUJLQJ SRLQW EHWZHHQ WKH GHJUDGDWLYH DQG UHF\FOLQJ SDWKZD\V DQG LV DOVR
HVVHQWLDO IRU WUDQVSRUW RI SURWHLQV WR WKH WUDQV*ROJL QHWZRUN  5DE SURWHLQV EHORQJ WR
D IDPLO\ RI 5DVOLNH *73DVHV DQG F\FOH EHWZHHQ D *'3ERXQG µRII¶ VWDWH DQG *73ERXQG
µRQ¶ VWDWH ZKLFK UHVXOWV LQ ELQGLQJ WR HIIHFWRUV 5DE UHJXODWHV IXVLRQ RI WKH SODVPD
PHPEUDQH WR WKH HDUO\ HQGRVRPH ZKHUH LW LV SULPDULO\ ORFDOLVHG  7KH ODWH HQGRVRPH
DFWV DV D µVRUWLQJ KXE¶ ZKHUH FHOOXODU FDUJR FDQ HLWKHU EH UHF\FOHG WR WKH *ROJL RU SODVPD
PHPEUDQH RU FDQ EH WUDQVSRUWHG WR WKH O\VRVRPH IRU GHJUDGDWLRQ 5DE LV DOVR D PHPEHU
RI 5$6UHODWHG *73ELQGLQJ SURWHLQV DQG LV LPSRUWDQW LQ UHJXODWLRQ RI YHVLFXODU WUDQVSRUW
5DE FRQWUROV WKH DJJUHJDWLRQ DQG IXVLRQ RI ODWH HQGRF\WLFO\VRVRPH VWUXFWXUHV DQG LV
HVVHQWLDO IRU PDLQWHQDQFH RI WKH SHULQXFOHDU O\VRVRPH 
)LJXUH  ,QWUDFHOOXODU WUDQVSRUW SDWKZD\V $GDSWHG IURP ;X HW DO 

 (QGRVRPDO PDUNHUV  5DE DQG 5DE
5DE DQG 5DE DUH ZHOOHVWDEOLVKHG PDUNHUV RI WKH HDUO\ DQG ODWH HQGRVRPH UHVSHFWLYHO\
$QWL5DE DQG DQWL5DE DQWLERGLHV ZHUH XVHG WR SHUIRUP GXDO IOXRUHVFHQFH ZLWK ,..Į LQ
RUGHU WR GHWHUPLQH ZKHWKHU ,..Į ZDV ORFDOLVHG WR HLWKHU RI WKH HQGRVRPDO FRPSDUWPHQWV
&RQIRFDO LPDJHV DUH VKRZQ EHORZ )LJXUHV  DQG  7KHUH ZDV QR HYLGHQFH RI FR
ORFDOLVDWLRQ EHWZHHQ ,..Į DQG PDUNHUV RI WKH HQGRVRPDO FRPSDUWPHQW
)LJXUH  ,..Į DQG 5DE GXDO IOXRUHVFHQFH &RORFDOLVDWLRQ EHWZHHQ ,..Į UHG DQG
5DE JUHHQ ZDV QRW REVHUYHG LQ FRORUHFWDO FDQFHU WLVVXH '$3, EOXH UHSUHVHQWV QXFOHDU
FRXQWHUVWDLQ ,PDJHV WDNHQ DW [ PDJQLILFDWLRQ XVLQJ D =(,66 /60  FRQIRFDO
PLFURVFRSH VFDOH EDU UHSUHVHQWV ȝP

)LJXUH  ,..Į DQG 5DE GXDO IOXRUHVFHQFH &RORFDOLVDWLRQ EHWZHHQ ,..Į UHG DQG
5DE JUHHQ ZDV QRW REVHUYHG LQ FRORUHFWDO FDQFHU WLVVXH '$3, EOXH UHSUHVHQWV QXFOHDU
FRXQWHUVWDLQ ,PDJHV WDNHQ DW [ PDJQLILFDWLRQ XVLQJ D =(,66 /60  FRQIRFDO
PLFURVFRSH VFDOH EDU UHSUHVHQWV ȝP

 *ROJL PDUNHU ± *ROJL 
7KH *ROJL KDV NH\ UROHV LQ WUDIILFNLQJ DQG SRVWWUDQVODWLRQDO PRGLILFDWLRQV RI SURWHLQV DQG
OLSLGV 7R LGHQWLI\ WKH *ROJL DSSDUDWXV GXDO LPPXQRIOXRUHVFHQW VWDLQLQJ ZLWK ,..Į DQG D
ZHOOHVWDEOLVKHG *ROJL PDUNHU *ROJL . ZDV RSWLPLVHG LQ &5& WLVVXH $ YDULHW\ RI
DQWLJHQ UHWULHYDO PHWKRGV ZHUH XVHG GXULQJ RSWLPLVDWLRQ RI WKH *ROJL DQWLERG\ 7KH LPDJHV
EHORZ GHPRQVWUDWH WKDW ,..Į ZDV FRORFDWHG ZLWK WKH *ROJL FRPSDUWPHQW )LJXUHV 
ZKHUH WKH JROJL PDUNHU DSSHDUV WR FORVHO\ VXUURXQG ,..Į SXQFWDWH H[SUHVVLRQ 0RUH
GHWDLOHG LPDJLQJ ZDV SHUIRUPHG DW WKH &58. %HDWVRQ ,QVWLWXWH ,PDJLQJ )DFLOLW\ *ODVJRZ
)LJXUH 
)LJXUH  ,..Į DQG *ROJL  GXDO IOXRUHVFHQFH ,..Į FRORFDWHG ZLWK D *ROJL PDUNHU
LQ FRORUHFWDO FDQFHU WLVVXH $QWLJHQ UHWULHYDO ZDV SHUIRUPHG ZLWK 75,6('7$ EXIIHU S+
LQ D PLFURZDYH LPDJHV WDNHQ DW [ PDJQLILFDWLRQ XVLQJ D =(,66 /60  FRQIRFDO
PLFURVFRSH VFDOH EDU UHSUHVHQWV ȝP

)LJXUH  ,..Į DQG *ROJL  GXDO IOXRUHVFHQFH ,..Į FRORFDWHG ZLWK D *ROJL PDUNHU
LQ FRORUHFWDO FDQFHU WLVVXH 7ZRSDUW DQWLJHQ UHWULHYDO ZDV SHUIRUPHG SURWHDVH VWHS DW
Û& IRU  PLQXWHV IROORZHG E\ KHDWHG LQGXFHG UHWULHYDO LQ DQWLJHQ UHWULHYDO EXIIHU IRU 
PLQXWHV LQ D ZDWHU EDWK DW & LPDJHV WDNHQ DW [ PDJQLILFDWLRQ XVLQJ D =(,66
/60  FRQIRFDO PLFURVFRSH VFDOH EDU UHSUHVHQWV ȝP

)LJXUH  ,..Į DQG *ROJL  GXDO IOXRUHVFHQFH ,..Į FRORFDWHG ZLWK D *ROJL PDUNHU
LQ FRORUHFWDO FDQFHU WLVVXH 7ZRSDUW DQWLJHQ UHWULHYDO ZDV SHUIRUPHG SURWHDVH VWHS DW
Û& IRU  PLQXWHV IROORZHG E\ KHDWHG LQGXFHG UHWULHYDO ZLWK 75,6('7$ EXIIHU S+ LQ D
PLFURZDYH LPDJHV WDNHQ DW [ PDJQLILFDWLRQ XVLQJ D =(,66 /60  FRQIRFDO




























































































































































































































3ULPDU\ DQWLERG\ QRQVSHFLILF ELQGLQJ FDQ UHVXOW LQ EDFNJURXQG VWDLQLQJ 7KLV FDQ EH GXH
WR ELQGLQJ WR )F UHFHSWRUV RQ WDUJHW FHOOV E\ QRQVSHFLILF LQWHUDFWLRQV ZLWK FHOOXODU SURWHLQV
RU E\ FHOO DXWRIOXRUHVFHQFH 7R KHOS GLIIHUHQWLDWH QRQVSHFLILF EDFNJURXQG VLJQDO IURP
VSHFLILF DQWLERG\ VLJQDO DQ LVRW\SH FRQWURO SULPDU\ DQWLERG\ ZDV XVHG DV D QHJDWLYH
FRQWURO $Q LVRW\SH FRQWURO DQWLERG\ ODFNV VSHFLILFLW\ WR WKH WDUJHW EXW PDWFKHV WKH FODVV
DQG W\SH RI DQWLERG\ XVHG LQ WKH DSSOLFDWLRQ 7R PDWFK WKH SULPDU\ DQWLERG\¶V *ROJL 
KRVW VSHFLHV DQG FODVV LQFOXGLQJ OLJKW FKDLQV D PRXVH ,J* NDSSD LVRW\SH FRQWURO DQWLERG\
 7KHUPR)LVKHU 8. DW WKH VDPH FRQFHQWUDWLRQ  ZDV XVHG WR DVVHVV IRU
QRQVSHFLILF EDFNJURXQG VWDLQLQJ 7KHUH ZDV QR HYLGHQFH RI QRQVSHFLILF EDFNJURXQG
VWDLQLQJ ZLWK WKH LVRW\SH FRQWURO DQWLERG\ )LJXUH 
)LJXUH  ,..Į DQG *ROJL  GXDO IOXRUHVFHQFH ZLWK LVRW\SH FRQWURO DQWLERG\ DV
QHJDWLYH FRQWURO 1RQVSHFLILF EDFNJURXQG VWDLQLQJ ZDV QRW REVHUYHG 7ZRSDUW DQWLJHQ
UHWULHYDO ZDV SHUIRUPHG SURWHDVH VWHS DW Û& IRU  PLQXWHV IROORZHG E\ KHDWHG LQGXFHG
UHWULHYDO SHUIRUPHG ZLWK 75,6('7$ EXIIHU S+ LQ D PLFURZDYH LPDJHV WDNHQ DW [
PDJQLILFDWLRQ XVLQJ D =(,66 /60  FRQIRFDO PLFURVFRSH VFDOH EDU UHSUHVHQWV ȝP

 &KDSWHU GLVFXVVLRQ
7KH UHVXOWV RI WKLV FKDSWHU GHPRQVWUDWH WKH GLVWLQFW SDWWHUQ RI SXQFWDWH ,..Į H[SUHVVLRQ LQ
FRORUHFWDO FDQFHU SDWLHQW WLVVXHV REVHUYHG LQ &KDSWHUV  DQG  LV QRW DQ DUWHIDFW RI ,+& 7KH
DQWLERG\ LV VSHFLILF IRU ,..Į 0RUHRYHU WKH VWDLQLQJ SDWWHUQ KDV EHHQ GHPRQVWUDWHG DJDLQ
XVLQJ LPPXQRIOXRUHVFHQFH DQG D YDULHW\ RI DQWLJHQ UHWULHYDO PHWKRGV 7KH YDULDWLRQ LQ WKH
DPRXQW RI SXQFWDWH H[SUHVVLRQ LH DEVHQW ORZ PRGHUDWH RU KLJK ZDV DOVR REVHUYHG ZLWK
LPPXQRIOXRUHVFHQFH 7KH H[SUHVVLRQ RI SXQFWDWH ,..Į ZDV RQO\ DVVHVVHG XVLQJ D 70$ ,W
ZRXOG EH RI LQWHUHVW WR XQGHUVWDQG LI WKH GLVWULEXWLRQ RI SXQFWDWH ,..Į YDULHV LQ D IXOO
WXPRXU VHFWLRQ DQG LI WKHUH LV DQ\ YDULDWLRQ LQ WKH H[SUHVVLRQ RI ,..Į LQ UHODWLRQ WR WKH
LQYDVLYH WXPRXU PDUJLQ 5HVXOWV SUHVHQWHG LQ WKLV FKDSWHU DOVR GHPRQVWUDWH WKH SUHVHQFH RI
SXQFWDWH ,..Į H[SUHVVLRQ LQ QRUPDO FRORQLF WLVVXH DGMDFHQW WR WXPRXU WKLV UDLVHV TXHVWLRQV
DERXW WKH H[SUHVVLRQ RI ,..Į LQ QRUPDO FRORQLF WLVVXH :H KDYH WR FRQVLGHU WKDW ,..Į
PD\ KDYH DQ LPSRUWDQW KRPHRVWDWLF IXQFWLRQ LQ QRUPDO FRORQLF HSLWKHOLDO FHOOV DQG
WKHUHIRUH IXWXUH VWXGLHV VKRXOG LQYHVWLJDWH WKH H[SUHVVLRQ RI ,..Į LQ QRUPDO FRORQLF WLVVXH
DGMDFHQW WR LQYDVLYH WXPRXU DV ZHOO DV LQ KHDOWK\ QRQFDQFHURXV FRORQLF WLVVXH 0HWDVWDWLF
VLWHV VXFK DV OLYHU OXQJ DQG SHULWRQHXP ZLOO DOVR SURYLGH D SODWIRUP WR VWXG\ ,..Į
H[SUHVVLRQ LQ PRUH DGYDQFHG GLVHDVH WKLV ZLOO EH DQ LPSRUWDQW JURXS WR VWXG\ LQ WKH
FRQWH[W RI HPHUJLQJ ,..Į LQKLELWRUV 7KHVH LQKLELWRUV ZLOO EH LQYHVWLJDWHG LQ FRORQ FDQFHU
FHOO OLQHV LQ WKH QH[W FKDSWHU RI WKLV WKHVLV
,Q DGGLWLRQ WKH UHVXOWV IURP WKLV FKDSWHU VXJJHVW ,..Į LV FRORFDWHG ZLWK D PDUNHU RI WKH
*ROJL DSSDUDWXV :KLOVW LQYHVWLJDWLRQ RI WKLV UHODWLRQVKLS ZDV EH\RQG WKH VFRSH RI WKLV
WKHVLV LW UDLVHV DQ LPSRUWDQW DUHD IRU IXWXUH LQYHVWLJDWLRQ )RU H[DPSOH ZK\ GRHV ,..Į FR
ORFDWH ZLWK WKH *ROJL DSSDUDWXV*ROJLUHODWHG VWUXFWXUH" 'RHV WKLV UHSUHVHQW G\VUHJXODWLRQ
RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\" 'RHV WKH DFFXPXODWLRQ RI ,..Į UHSUHVHQW GHIXQFW
LQWUDFHOOXODU WUDQVSRUW PDFKLQHU\" $V WKH *ROJL DOVR KDV D UROH LQ SURFHVVHV VXFK DV
DXWRSKDJ\ IXWXUH ZRUN ZLOO LQYROYH LQYHVWLJDWLRQ RI ,..Į ZLWK DXWRSKDJ\ PDUNHUV VXFK DV
S DQG /& DORQJ ZLWK O\VRVRPDO PDUNHUV /$03 7KH XVH RI PXOWLSOH[ LPPXQRVWDLQLQJ
RIIHUV WKH RSSRUWXQLW\ WR LQYHVWLJDWH PXOWLSOH PDUNHUV LQ WKH VDPH WLVVXH VSHFLPHQ LW LV DQ
H[FLWLQJ WHFKQLTXH ZKLFK DOORZV IRU H[DPLQDWLRQ RI VSDWLDO DUUDQJHPHQW RI SURWHLQV RI
LQWHUHVW DV ZHOO DV SURWHLQ LQWHUDFWLRQFRORFDOLVDWLRQ $OWRJHWKHU UHVXOWV IURP WKLV FKDSWHU
SURYLGH DQ LQWHUHVWLQJ DUHD IRU IXWXUH VWXG\

&KDSWHU 
([SUHVVLRQ RI WKH QRQFDQRQLFDO




$FWLYDWLRQ RI WKH FDQRQLFDO 1)ț% SDWKZD\ LQ FRORQ FDQFHU FHOO OLQHV KDV EHHQ UHSRUWHG LQ
SUHYLRXV VWXGLHV  +RZHYHU VWXGLHV LQYHVWLJDWLQJ WKH QRQFDQRQLFDO SDWKZD\ LQ FRORQ
FHOO OLQHV DUH OLPLWHG 5HVXOWV IURP WLVVXH VWXGLHV LQ SDWLHQW FRKRUWV FKDSWHUV  DQG 
VXJJHVW KLJK H[SUHVVLRQ RI QRQFDQRQLFDO SURWHLQV ZDV DVVRFLDWHG ZLWK DQ DGYHUVH WXPRXU
SKHQRW\SH DQG SRRU FOLQLFDO RXWFRPH 7KHUHIRUH LW ZDV RI LQWHUHVW WR LQYHVWLJDWH WKH
H[SUHVVLRQ RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LQ FRORQ FDQFHU FHOO OLQHV ,W LV ZHOO NQRZQ
WKDW WKH GHYHORSPHQW RI &5& LV D PXOWLVWHS SURFHVV WKDW UHVXOWV IURP WKH DFFXPXODWLRQ RI
JHQHWLF PXWDWLRQV LQ WXPRXU VXSSUHVVRU JHQHV DQG SURWRRQFRJHQHV 0XWDWLRQV LQ .5$6
DQG %5$) DUH WZR RI WKH SULPDU\ DOWHUDWLRQV LQ FRORUHFWDO WXPRXULJHQHVLV DQG DUH
HVWDEOLVKHG PDUNHUV RI UHVLVWDQFH WR DQWL(*)5 PRQRFORQDO DQWLERGLHV LQ WKH WUHDWPHQW RI
&5& 7KHUHIRUH WZR FHOO OLQHV ZHUH LQYHVWLJDWHG +7 .5$6 ZLOGW\SH %5$) 9(
PXWDWHG DQG 7 .5$6 PXWDWHG %5$) ZLOGW\SH FKDSWHU  7DEOH  ([SUHVVLRQ RI
QRQFDQRQLFDO SURWHLQV ZDV DVVHVVHG LQ FHOO OLQHV DIWHU H[SRVXUH WR OLJDQGV
 $FWLYDWLRQ RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LQ
FRORQ FDQFHU FHOO OLQHV
/\PSKRWR[LQ Įȕ DQG 71)Į KDYH EHHQ UHSRUWHG WR GULYH DFWLYDWLRQ RI WKH QRQFDQRQLFDO
DQG FDQRQLFDO 1)ț% SDWKZD\ UHVSHFWLYHO\ 7KHVH OLJDQGV ZHUH VHOHFWHG WR LQYHVWLJDWH
SDWKZD\ DFWLYDWLRQ LQ FRORQ FDQFHU FHOO OLQHV $IWHU FHOOV ZHUH UHQGHUHG TXLHVFHQW E\
LQFXEDWLRQ LQ VHUXP IUHH PHGLD IRU  KRXUV WKH\ ZHUH WKHQ H[SRVHG WR HLWKHU O\PSKRWR[LQ
Įȕ RU 71)Į ERWK DW QJPO IRU YDULRXV LQFXEDWLRQ SHULRGV 3URWHLQV ZHUH H[WUDFWHG
IURP FHOOV DQG VHSDUDWHG E\ 6'63$*( DQG WUDQVIHUUHG WR D QLWURFHOOXORVH PHPEUDQH
EHIRUH YLVXDOLVDWLRQ DV GHVFULEHG LQ FKDSWHU  VHFWLRQ  7R XQGHUVWDQG ZKHWKHU WKH
QRQFDQRQLFDO 1)ț% SDWKZD\ ZDV H[SUHVVHG LQ WKH FHOOXODU VHWWLQJ NH\ PDUNHUV RI
SDWKZD\ DFWLYDWLRQ LQFOXGLQJ S DQG SKRVSKRU\ODWLRQ RI S SKRVSKRS DW
VHULQH UHVLGXHV  ZHUH PHDVXUHG :HVWHUQ EORWWLQJ ZDV SHUIRUPHG XVLQJ SURWHLQ
H[WUDFWV SUHSDUHG IURP +7 DQG 7 FHOOV

 $FWLYDWLRQ RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LQ +7 DQG
7 FHOOV
 ,..Į H[SUHVVLRQ
7R FRQILUP ,..Į ZDV H[SUHVVHG LQ ERWK FHOO OLQHV LQYHVWLJDWHG +7 DQG 7 FHOOV ZHUH
VWLPXODWHG ZLWK O\PSKRWR[LQ Įȕ RYHU D WLPH FRXUVH RI  DQG  KRXUV 7KLV H[SHULPHQW
ZDV SHUIRUPHG RQFH ([SUHVVLRQ RI ,..Į ZDV GHWHFWHG LQ +7 DQG 7 FHOOV ,Q +7
FHOOV WKLV LQFUHDVHG DW WKH KRXU WLPH SRLQW ,Q 7 FHOOV D KLJKHU EDVDO OHYHO RI ,..Į
ZDV REVHUYHG DQG WKLV ZDV XQFKDQJHG ZLWK O\PSKRWR[LQ Įȕ VWLPXODWLRQ 7R FRQILUP WKLV
REVHUYDWLRQ IXWXUH H[SHULPHQWV VKRXOG DLP WR UHSHDW WKLV ZLWK D ORDGLQJ FRQWURO
)LJXUH  ([SUHVVLRQ RI ,..Į LQ +7 DQG 7 FRORQ FDQFHU FHOO OLQHV IROORZLQJ
O\PSKRWR[LQ Įȕ +7 DQG 7 FHOOV ZHUH H[SRVHG WR QJPO RI O\PSKRWR[LQ Įȕ
RYHU  DQG  KRXU WLPH SHULRGV 3URWHLQ ZDV WKHQ H[WUDFWHG VHSDUDWHG E\ 6'63$*( DQG
DVVHVVHG IRU H[SUHVVLRQ RI ,..Į Q  8VLQJ ,PDJH- EORWV ZHUH TXDQWLILHG E\ VFDQQLQJ
GHQVLWRPHWU\ ([SUHVVLRQ OHYHOV RI ,..Į LQ FHOOV H[SRVHG WR O\PSKRWR[LQ Įȕ DQG 71)Į
ZHUH FRPSDUHG WR XQWUHDWHG FHOOV DQG GLVSOD\HG DV IROG FKDQJH WR FRQWURO LQ WKH EDU




+7 DQG 7 FHOOV ZHUH VWLPXODWHG ZLWK O\PSKRWR[LQ Įȕ DQG 71)Į LQ  VHSDUDWH
H[SHULPHQWV WR DOORZ TXDQWLILFDWLRQ RI S H[SUHVVLRQ ,PDJHV ZHUH TXDQWLILHG XVLQJ
,PDJH- DQG SURWHLQ H[SUHVVLRQ ZDV QRUPDOLVHG WR ȕWXEXOLQ ORDGLQJ FRQWURO ,Q RUGHU WR
FRPSDUH WKH DPRXQW RI SURWHLQ LQ HDFK VDPSOH DQG DOORZ SURSHU DVVHVVPHQW RI WKH EORWWLQJ
ȕWXEXOLQ H[SUHVVLRQ D KRXVHNHHSLQJ JHQH LQGHSHQGHQW RI 1)ț% ZDV XVHG DV D ORDGLQJ
FRQWURO 'LIIHUHQFHV LQ H[SUHVVLRQ XSRQ O\PSKRWR[LQ Įȕ VWLPXODWLRQ ZHUH FDOFXODWHG
XVLQJ IROG FKDQJH WR XQWUHDWHG FHOOV DQG JUDSKV RI H[SUHVVLRQ ZHUH GUDZQ )RU S
VWDWLVWLFDO DQDO\VLV XVLQJ D RQHZD\ $129$ ZLWK %RQIHUURQL FRUUHFWLRQ DQG 'XQQHWW¶V WHVW
ZDV SHUIRUPHG WR FRPSDUH WR FRQWURO OHYHOV
)LJXUH $ DQG % VKRZ D UHSUHVHQWDWLYH LPDJH RI O\PSKRWR[LQ Įȕ DQG 71)Į
VWLPXODWLRQ LQ +7 DQG 7 FHOOV UHVSHFWLYHO\ 7KH DYHUDJH IROG FKDQJH FRPSDUHG WR
XQWUHDWHG FHOOV IURP WKUHH LQGHSHQGHQW H[SHULPHQWV RYHU D WLPH FRXUVH RI  WR  KRXUV ZDV
FDOFXODWHG ,Q +7 FHOOV S H[SUHVVLRQ LQFUHDVHG QRQVLJQLILFDQWO\ DW  KRXUV ZLWK D
SHDN DW  KRXUV S  FRPSDUHG WR FRQWURO FHOOV 71)Į H[SRVXUH LQFUHDVHG S
H[SUHVVLRQ DW  KRXUV ZKHUH D  DYHUDJH IROG LQFUHDVH ZDV REVHUYHG S 
FRPSDUHG WR FRQWURO FHOOV 7KLV REVHUYDWLRQ UHTXLUHV IXUWKHU LQYHVWLJDWLRQ H[SUHVVLRQ RI
QXFOHDU S PD\ DFKLHYH PRUH UHOLDEOH UHVXOWV ,Q 7 FHOOV KLJK EDVDO OHYHOV RI S ZHUH
REVHUYHG DW DOO WLPH SRLQWV LQGLFDWLYH RI FRQVWLWXWLYH DFWLYDWLRQ RI WKH QRQFDQRQLFDO




)LJXUH  ([SUHVVLRQ RI S LQ +7 DQG 7 FRORQ FDQFHU FHOO OLQHV IROORZLQJ
O\PSKRWR[LQ Įȕ DQG 71)Į H[SRVXUH $ +7 DQG % 7 FHOOV ZHUH H[SRVHG WR
QJPO RI O\PSKRWR[LQ Įȕ RU 71)Į RYHU YDULRXV WLPH SHULRGV 3URWHLQ ZDV WKHQ
H[WUDFWHG VHSDUDWHG E\ 6'63$*( DQG DVVHVVHG IRU H[SUHVVLRQ RI SQ  ȕ
WXEXOLQ ZDV XVHG DV D ORDGLQJ FRQWURO 8VLQJ ,PDJH- EORWV ZHUH TXDQWLILHG E\ VFDQQLQJ
GHQVLWRPHWU\ ([SUHVVLRQ OHYHOV RI S LQ FHOOV H[SRVHG WR O\PSKRWR[LQ Įȕ DQG 71)Į
ZHUH FRPSDUHG WR XQWUHDWHG FHOOV DQG GLVSOD\HG DV IROG FKDQJH WR FRQWURO LQ WKH EDU
JUDSKV (UURU EDUV UHSUHVHQW VWDQGDUG HUURU 6WDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG XVLQJ D
RQHZD\ $129$ ZLWK %RQIHUURQL FRUUHFWLRQ DQG 'XQQHWW¶V WHVW WR FRPSDUH WR FRQWURO





,..Į LQGXFHG SKRVSKRU\ODWLRQ RI S DW VHULQH  LV D NH\ VWHS LQ QRQFDQRQLFDO
1)ț% SDWKZD\ DFWLYDWLRQ  3KRVSKRS H[SUHVVLRQ ZDV LQYHVWLJDWHG LQ +7 DQG
7 FHOOV 'XH WR WLPH UHVWULFWLRQV WKLV H[SHULPHQW ZDV RQO\ SHUIRUPHG WZLFH $JDLQ
LPDJHV ZHUH TXDQWLILHG XVLQJ ,PDJH- DQG SURWHLQ H[SUHVVLRQ ZDV QRUPDOLVHG WR ȕWXEXOLQ
ORDGLQJ FRQWURO 'LIIHUHQFHV LQ H[SUHVVLRQ XSRQ O\PSKRWR[LQ Įȕ DQG 71)Į VWLPXODWLRQ
ZHUH FDOFXODWHG XVLQJ IROG FKDQJH WR XQWUHDWHG FHOOV DQG JUDSKV RI H[SUHVVLRQ ZHUH GUDZQ
$V WKLV H[SHULPHQW ZDV RQO\ SHUIRUPHG WZLFH VWDWLVWLFDO DQDO\VLV ZDV QRW SHUIRUPHG
)LJXUH $ DQG % VKRZ D UHSUHVHQWDWLYH LPDJH RI O\PSKRWR[LQ Įȕ DQG 71)Į
VWLPXODWLRQ LQ +7 DQG 7 FHOOV RYHU D WLPH FRXUVH RI  WR  KRXUV ,Q +7 DQG 7
FHOOV SKRVSKRS H[SUHVVLRQ LQFUHDVHG RYHU D KRXU SHULRG WKLV SHDNHG DW  KRXUV LQ





)LJXUH  ([SUHVVLRQ RI SKRVSKRS LQ +7 DQG 7 FRORQ FDQFHU FHOO OLQHV
IROORZLQJ O\PSKRWR[LQ Įȕ DQG 71)Į H[SRVXUH $ +7 DQG % 7 FHOOV ZHUH
H[SRVHG WR QJPO RI O\PSKRWR[LQ Įȕ RU 71)Į RYHU YDULRXV WLPH SHULRGV 3URWHLQ ZDV
WKHQ H[WUDFWHG VHSDUDWHG E\ 6'63$*( DQG DVVHVVHG IRU H[SUHVVLRQ RI SKRVSKRS
Q  ȕWXEXOLQ ZDV XVHG DV D ORDGLQJ FRQWURO 8VLQJ ,PDJH- EORWV ZHUH TXDQWLILHG E\
VFDQQLQJ GHQVLWRPHWU\ ([SUHVVLRQ OHYHOV RI SKRVSKRS LQ FHOOV H[SRVHG WR O\PSKRWR[LQ
Įȕ DQG 71)Į ZHUH FRPSDUHG WR XQWUHDWHG FHOOV DQG GLVSOD\HG DV IROG FKDQJH WR FRQWURO
LQ WKH EDU JUDSKV 7KH UHVXOWV DUH UHSUHVHQWDWLYH RI WZR LQGHSHQGHQW H[SHULPHQWV

 3KDUPDFRORJLFDO LQKLELWRU\ HIIHFW RI VHOHFWLYH ,..Į
LQKLELWRU 68 RQ WKH QRQFDQRQLFDO 1)ț%
SDWKZD\ LQ FRORQ FDQFHU FHOO OLQHV
&ROODERUDWRUV IURP WKH 6WUDWKFO\GH ,QVWLWXWH RI 3KDUPDF\ DQG %LRPHGLFDO 6FLHQFHV DW WKH
8QLYHUVLW\ RI 6WUDWKFO\GH KDYH GHYHORSHG ILUVWLQFODVV ,..Į VHOHFWLYH LQKLELWRUV 68
FRPSRXQGV 7KHVH FRPSRXQGV KDYH EHHQ LQYHVWLJDWHG LQ WKH FRQWH[W RI SURVWDWH DQG
SDQFUHDWLF FDQFHU DQG KDYH EHHQ WDNHQ IRUZDUG LQWR WKH LQ YLYR VHWWLQJ ,W LV WKHUHIRUH RI
LQWHUHVW WR XQGHUVWDQG WKH SRWHQF\ RI WKHVH FRPSRXQGV RQ ,..Į DW WKH FHOOXODU OHYHO LQ
FRORQ FDQFHU FHOOV 'XH WR SUHYLRXV DQWLERG\ LVVXHV ZLWK UHVSHFW WR GHWHFWLQJ
SKRVSKRU\ODWHG ,..Į S DQG SKRVSKRS H[SUHVVLRQ ZHUH XVHG DV PHDVXUHV RI
QRQFDQRQLFDO 1)ț% SDWKZD\ LQKLELWLRQ
 7KH HIIHFW RI 68 RQ O\PSKRWR[LQ Dȕ 71)Į DQG
5$1./LQGXFHG QRQFDQRQLFDO 1)N% VLJQDOOLQJ LQ +7
DQG 7 FRORQ FDQFHU FHOOV
$ SUHOLPLQDU\ H[SHULPHQW Q  ZDV FRQVWUXFWHG WR LGHQWLI\ DFWLYDWLRQ RI WKH SDWKZD\
IROORZLQJ H[SRVXUH WR GLIIHUHQW OLJDQGV +7 DQG 7 FHOOV ZHUH SUHWUHDWHG IRU 
PLQXWHV ZLWK ȝ0 68 IROORZHG E\ VWLPXODWLRQ IRU  KRXUV ZLWK HLWKHU O\PSKRWR[LQ
Įȕ RU 71)Į 5$1./ DQ DFWLYDWRU RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ ZDV DOVR
LQYHVWLJDWHG $OO OLJDQGV ZHUH XVHG DW D FRQFHQWUDWLRQ RI QJPO 6WDWLVWLFDO DQDO\VLV ZDV
QRW SHUIRUPHG IRU WKLV H[SHULPHQW
)LJXUH  VKRZV D UHSUHVHQWDWLYH LPDJH RI FHOOV WUHDWHG ZLWK ȝP 68 DQG VWLPXODWLRQ
ZLWK HLWKHU O\PSKRWR[LQ Įȕ 71)Į RU 5$1./ $OO WKUHH OLJDQGV VWLPXODWHG S
H[SUHVVLRQ ZLWK KLJKHVW OHYHOV REVHUYHG ZLWK O\PSKRWR[LQ Įȕ 7KLV ZDV REVHUYHG LQ
ERWK +7 DQG 7 FHOOV WKHUHIRUH O\PSKRWR[LQ Įȕ ZDV FKRVHQ DV WKH OLJDQG RI FKRLFH
IRU IXWXUH H[SHULPHQWV

)LJXUH  7KH HIIHFW RI 68 RQ O\PSKRWR[LQ Dȕ 71)Į DQG 5$1./LQGXFHG
QRQFDQRQLFDO 1)N% VLJQDOOLQJ LQ +7 DQG 7 FRORQ FDQFHU FHOOV $ +7 DQG
% 7 FHOOV ZHUH SUHWUHDWHG ZLWK 68 IRU  PLQXWHV DQG WKHQ H[SRVHG WR HLWKHU
QJPO RI O\PSKRWR[LQ Įȕ 71)Į RU 5$1./ IRU  KRXUV 3URWHLQ ZDV WKHQ H[WUDFWHG
VHSDUDWHG E\ 6'63$*( DQG DVVHVVHG IRU H[SUHVVLRQ RI S Q  8VLQJ ,PDJH-
EORWV ZHUH TXDQWLILHG E\ VFDQQLQJ GHQVLWRPHWU\ ([SUHVVLRQ OHYHOV RI S LQ WUHDWHG FHOOV
ZHUH FRPSDUHG WR XQWUHDWHG FHOOV DFURVV WKH WKUHH DJRQLVWV DQG GLVSOD\HG DV IROG FKDQJH WR




 7KH HIIHFW RI 68 RQ O\PSKRWR[LQ Dȕ LQGXFHG QRQ
FDQRQLFDO 1)ț% SDWKZD\ LQ +7 FRORQ FDQFHU FHOOV
,Q RUGHU WR DVVHVV WKH LQKLELWRU\ HIIHFWV RI 68 RQ WKH QRQFDQRQLFDO 1)ț% SDWKZD\
FHOOV ZHUH WUHDWHG ZLWK D GRVH UDQJH RI ȝ0 RI 68 IROORZHG E\ VWLPXODWLRQ ZLWK
O\PSKRWR[LQ Įȕ QJPO IRU  KRXUV ([SUHVVLRQ RI S DQG SKRVSKRS ZHUH
WKHQ DVVHVVHG E\ ZHVWHUQ EORWWLQJ 'XH WR WLPH UHVWULFWLRQV WKH IROORZLQJ H[SHULPHQWV ZHUH
RQO\ FDUULHG RXW LQ +7 FRORQ FDQFHU FHOOV
 S H[SUHVVLRQ
)LJXUH  GHPRQVWUDWHV WKH LPSDFW RI D GRVH UDQJH RI 68 ȝ0 RQ O\PSKRWR[LQ
Dȕ LQGXFHG S IRUPDWLRQ LQ +7 FRORQ FDQFHU FHOOV $ GHFUHDVH LQ S H[SUHVVLRQ
ZDV REVHUYHG ZLWK GRVH UDQJH RI 68  ȝ0 KRZHYHU WKLV GLG QRW UHDFK VWDWLVWLFDO
VLJQLILFDQFH DFURVV WKUHH LQGHSHQGHQW H[SHULPHQWV S  )XWXUH H[SHULPHQWV PD\
ZLVK WR FRQVLGHU D ORQJHU SUHWUHDWPHQW ZLWK 68 DQGRU DVVHVV WKH HIIHFWV RI LQKLELWLRQ
RYHU D ORQJHU WLPH SHULRG DQG WR VWXG\ LQKLELWLRQ RI WKH SDWKZD\ LQ 7 FRORQ FDQFHU FHOOV

)LJXUH  7KH HIIHFW RI 68 RQ O\PSKRWR[LQ DȕLQGXFHG QRQFDQRQLFDO 1)N%
VLJQDOOLQJ LQ +7 FRORQ FDQFHU FHOOV +7 FHOOV ZHUH SUHWUHDWHG ZLWK D GRVH UDQJH RI
68 ȝ0 IRU  PLQXWHV DQG WKHQ H[SRVHG WR QJPO RI O\PSKRWR[LQ Įȕ IRU 
KRXUV 3URWHLQ ZDV WKHQ H[WUDFWHG VHSDUDWHG E\ 6'63$*( DQG DVVHVVHG IRU H[SUHVVLRQ RI
S Q  8VLQJ ,PDJH- EORWV ZHUH TXDQWLILHG E\ VFDQQLQJ GHQVLWRPHWU\ ([SUHVVLRQ
OHYHOV RI S LQ WUHDWHG FHOOV ZHUH FRPSDUHG WR FRQWURO DQG GLVSOD\HG DV IROG FKDQJH WR
FRQWURO LQ WKH EDU JUDSKV (UURU EDUV UHSUHVHQW VWDQGDUG HUURU 6WDWLVWLFDO DQDO\VLV ZDV
SHUIRUPHG XVLQJ D RQHZD\ $129$ ZLWK %RQIHUURQL FRUUHFWLRQ DQG 'XQQHWW¶V WHVW WR
FRPSDUH WR FRQWURO OHYHOV 7KH UHVXOWV DUH UHSUHVHQWDWLYH RI WKUHH LQGHSHQGHQW H[SHULPHQWV

 3KRVSKRS H[SUHVVLRQ
+7 FHOOV WUHDWHG ZLWK D GRVH UDQJH RI ȝ0 RI 68 IROORZHG E\ VWLPXODWLRQ
ZLWK O\PSKRWR[LQ Įȕ QJPO IRU  KRXUV ZHUH DVVHVVHG IRU H[SUHVVLRQ RI SKRVSKR
S $ GHFUHDVH LQ SKRVSKRS H[SUHVVLRQ ZDV REVHUYHG ZLWK D GRVH UDQJH ȝ0
KRZHYHU WKLV GLG QRW UHDFK VWDWLVWLFDO VLJQLILFDQFH DFURVV WKUHH LQGHSHQGHQW H[SHULPHQWV
S  )LJXUH  $JDLQ IXWXUH H[SHULPHQWV PD\ ZLVK WR FRQVLGHU D ORQJHU SUH
WUHDWPHQW ZLWK 68 DQGRU DVVHVV WKH HIIHFWV RI LQKLELWLRQ RYHU D ORQJHU WLPH SHULRG DQG
WR VWXG\ LQKLELWLRQ RI WKH SDWKZD\ LQ 7 FRORQ FDQFHU
FHOOV
)LJXUH  7KH HIIHFW RI 68 RQ O\PSKRWR[LQ DȕLQGXFHG QRQFDQRQLFDO 1)N%
VLJQDOOLQJ LQ +7 FRORQ FDQFHU FHOOV +7 FHOOV ZHUH SUHWUHDWHG ZLWK D GRVH UDQJH RI
68 ȝ0 IRU  PLQXWHV DQG WKHQ H[SRVHG WR QJPO RI O\PSKRWR[LQ Įȕ IRU 
KRXUV 3URWHLQ ZDV WKHQ H[WUDFWHG VHSDUDWHG E\ 6'63$*( DQG DVVHVVHG IRU H[SUHVVLRQ RI
SKRVSKRS Q  8VLQJ ,PDJH- EORWV ZHUH TXDQWLILHG E\ VFDQQLQJ GHQVLWRPHWU\
([SUHVVLRQ OHYHOV RI SKRVSKRS LQ WUHDWHG FHOOV ZHUH FRPSDUHG WR FRQWURO DQG GLVSOD\HG

DV IROG FKDQJH WR FRQWURO LQ WKH EDU JUDSKV (UURU EDUV UHSUHVHQW VWDQGDUG HUURU
6WDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG XVLQJ D RQHZD\ $129$ ZLWK %RQIHUURQL FRUUHFWLRQ




7KH UHVXOWV IURP WKLV FKDSWHU DUH IURP SUHOLPLQDU\ H[SHULPHQWV WKDW VKRZ WKH HIIHFW RI
OLJDQG VWLPXODWLRQ DQG ,..Į LQKLELWLRQ RQ QRQFDQRQLFDO 1)ț% SDWKZD\ DFWLYDWLRQ XVLQJ
WZR FRORQ FDQFHU FHOO OLQHV ZLWK FRQWUDVWLQJ PXWDWLRQDO ODQGVFDSHV ,Q WKHVH SUHOLPLQDU\
H[SHULPHQWV UHGXFWLRQ LQ SDWKZD\ H[SUHVVLRQ ZDV REVHUYHG LQ FHOOV WUHDWHG ZLWK WKH ,..Į
LQKLELWRU DOWKRXJK WKLV GLG QRW UHDFK VWDWLVWLFDO VLJQLILFDQFH 2QH H[SODQDWLRQ IRU WKLV FRXOG
EH GXH WR LQDGHTXDWH SUHWUHDWPHQW ZLWK LQKLELWRU DQG IXWXUH VWXGLHV VKRXOG DLP IRU SUH
WUHDWPHQW IRU DV ORQJ LV LW WDNHV IRU WKH FHOOV WR SURJUHVV WKURXJK WZR FHOO F\FOHV 7KHUH LV
IXUWKHU H[SHULPHQWDO OLPLWDWLRQ DV QRW DOO H[SHULPHQWV ZHUH SHUIRUPHG LQ WULSOLFDWH GXH WR
WLPH FRQVWUDLQWV DQG WKHUHIRUH IXWXUH VWXGLHV ZLOO DLP WR FDUU\ RXW PRUH UREXVW LQYHVWLJDWLRQ
WR HQVXUH UHSURGXFLELOLW\ RI UHVXOWV DQG HQDEOH SURWHLQ TXDQWLILFDWLRQ $GGLWLRQDOO\
H[SHULPHQWV XVLQJ WKH ,..Į LQKLELWRU ZHUH OLPLWHG WR +7 FHOOV KLJKHU EDVDO OHYHOV RI
SDWKZD\ SURWHLQV ZHUH REVHUYHG LQ 7 FHOOV ZKLFK KDUERXU D %5$) PXWDWLRQ IXWXUH
H[SHULPHQWV VKRXOG DOVR LQYHVWLJDWH WKH FRPSRXQG LQ 7 FHOOV ,QGXFWLRQ RI WKH QRQ
FDQRQLFDO 1)ț% SDWKZD\ UHVXOWV LQ SKRVSKRU\ODWLRQ RI S DQG WKLV ZDV XVHG DV D
PHDVXUH RI SDWKZD\ DFWLYDWLRQ ,W LV LPSRUWDQW WR PHDVXUH WKH TXDQWLW\ RI SKRVSKRU\ODWHG
SURWHLQ ZKLFK UHSUHVHQWV WKH DPRXQW RI DFWLYH SURWHLQ UDWKHU WKDQ PHDVXULQJ MXVW WKH WRWDO
DPRXQW RI WKH SURWHLQ SUHVHQW LQ D VDPSOH +RZHYHU DV ZLWK PDQ\ FRPPHUFLDOO\ DYDLODEOH
SKRVSKRDQWLERGLHV LW KDG PDQ\ QRQVSHFLILF EDQGV $OWHUQDWLYH PDUNHUV RI SDWKZD\
DFWLYDWLRQ KDYH EHHQ FRQVLGHUHG )RU H[DPSOH SKRVSKRU\ODWLRQ RI ,..Į FRXOG EH XVHG DV D
PDUNHU RI SDWKZD\ DFWLYDWLRQ KRZHYHU DYDLODEOH DQWLERGLHV DUH XQDEOH WR GLVWLQJXLVK
EHWZHHQ SKRVSKRU\ODWHG ,..Į DQG ,..ȕ
)XWXUH VWXGLHV VKRXOG DOVR SXUVXH LQYHVWLJDWLRQ RI ,..Į LQKLELWRUV LQ D FRPSOHWH SDQHO RI
FRORQ FDQFHU FHOO OLQHV WKLV ZLOO DOORZ VRPH LQVLJKW LQWR WKH HIIHFWLYHQHVV RI WKH LQKLELWRUV
LQ WKH FRQWH[W RI GLIIHUHQW PXWDWLRQDO ODQGVFDSHV ,..Į LQKLELWRUV GHYHORSHG DW WKH
8QLYHUVLW\ RI 6WUDWKFO\GH KDYH VKRZQ SURPLVLQJ UHVXOWV LQ SURVWDWH DQG SDQFUHDWLF FDQFHU
FHOO OLQHV $GGLWLRQDOO\ UHVXOWV LQ PHWDVWDWLF SURVWDWH FDQFHU [HQRJUDIWV KDYH VKRZQ JRRG
HIILFDF\ ZLWK UHGXFWLRQ LQ WXPRXU YROXPH KRZHYHU WKHLU DFWLYLW\ KDV EHHQ OLPLWHG E\ WKH
ELRDYDLODELOLW\ RI WKH FRPSRXQG 8QWLO WKLV LVVXH KDV EHHQ DGGUHVVHG RXU ODE ZLOO SXUVXH






7KH FDQRQLFDO 1)ț% SDWKZD\ KDV EHHQ XQGHU VFUXWLQ\ LQ WKH FRQWH[W RI VROLG DQG
KDHPDWRORJLFDO FDQFHUV IRU VRPH \HDUV 6SHFLILFDOO\ LQ WKH FRQWH[W RI &5& WKHUH LV D
PRXQWLQJ ERG\ RI HYLGHQFH UHODWLQJ WR LWV UROH LQ WXPRXULJHQLF SURFHVVHV +RZHYHU
HYLGHQFH IURP PXULQH VWXGLHV KDV GHPRQVWUDWHG WKDW LQKLELWLRQ RI WKH FDQRQLFDO 1)ț%
SDWKZD\ ,..ȕ LQKLELWLRQ LV LQFRPSDWLEOH ZLWK OLIH DQG VR FDQQRW EH SXUVXHG DV D YLDEOH
WKHUDSHXWLF VWUDWHJ\ 7KHUHIRUH WKH QRQFDQRQLFDO DUP RI 1)ț% SUHVHQWV LWVHOI IRU
LQYHVWLJDWLRQ LQ &5& DQG LQGHHG RWKHU VROLG PDOLJQDQFLHV 7KH SXUSRVH RI VWXG\LQJ NH\
PHPEHUV RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LQ KXPDQ &5& WLVVXH ZDV WR XQGHUVWDQG
KRZ WKHVH SURWHLQV DUH H[SUHVVHG DQG WKHLU DVVRFLDWLRQ ZLWK FOLQLFDO DQG SDWKRORJLFDO
IHDWXUHV DQG SDWLHQW RXWFRPHV
5HVXOWV IURP WKH *ODVJRZ FRKRUW FKDSWHU  WKDW LV SDWLHQWV ZKR XQGHUZHQW VXUJHU\ IRU
VWDJH ,,,, &5& ZHUH LQYHVWLJDWHG XVLQJ ,+& IRU WKH H[SUHVVLRQ RI 1,. ,..Į DQG 5HO%
+LJK H[SUHVVLRQ RI F\WRSODVPLF 1,. ZDV DVVRFLDWHG ZLWK DGYHUVH IHDWXUHV LQFOXGLQJ ORZ
SUROLIHUDWLRQ DQG UHGXFHG LQIODPPDWRU\ LQILOWUDWH DW WKH LQYDVLYH PDUJLQ ERWK WXPRXU
IHDWXUHV DUH NQRZQ WR EH DVVRFLDWHG ZLWK SRRU SURJQRVLV LQ &5&  ,W LV ZHOO
UHFRJQLVHG WKDW SDWLHQWV ZKR SUHVHQW DV DQ HPHUJHQF\ ZLWK &5& GXH WR FRORQLF REVWUXFWLRQ
SHUIRUDWLRQ RU EOHHGLQJ KDYH ZRUVH VXUYLYDO RXWFRPHV 7KLV LV GXH WR D QXPEHU RI UHDVRQV
SDWLHQWV DUH ROGHU RIWHQ SUHVHQW ZLWK PRUH DGYDQFHG GLVHDVH H[SHULHQFH WKH PRUELGLW\
DVVRFLDWHG ZLWK HPHUJHQF\ VXUJHU\ DQG KDYH D SURORQJHG DGPLVVLRQ WR KRVSLWDO 3DWLHQWV
XQGHUJRLQJ HOHFWLYH VXUJHU\ UHSUHVHQW D PRUH KHWHURJHQHRXV JURXS DQG ZKHQ WKH\ ZHUH
FRQVLGHUHG DORQH WKRVH SDWLHQWV ZLWK KLJK F\WRSODVPLF H[SUHVVLRQ RI 1,. KDG VLJQLILFDQWO\
ZRUVH &66 WKDQ WKRVH ZLWK ORZ H[SUHVVLRQ 7KLV DVVRFLDWLRQ ZDV SRWHQWLDWHG LQ SDWLHQWV
ZLWK ULJKWVLGHG FDQFHUV DQG LQ SDWLHQWV ZLWK WZR PROHFXODU IHDWXUHV W\SLFDOO\ DVVRFLDWHG
ZLWK ULJKWVLGHG FDQFHUV 005 GHILFLHQF\ DQG %5$) 9( PXWDWLRQ  ,Q FXUUHQW
SUDFWLFH HPHUJHQF\ SUHVHQWDWLRQ ZLWK FRORUHFWDO FDQFHU LV XQFRPPRQ 7KH GLIIHUHQFH
REVHUYHG LQ HPHUJHQF\ DQG HOHFWLYH SDWLHQWV LQ WKH SUHVHQW VWXG\ PD\ EH D KLVWRULFDO IHDWXUH
DVVRFLDWHG ZLWK DJH RI WKH FRKRUW 7KHUH KDV EHHQ D JURZLQJ LQWHUHVW LQ XQGHUVWDQGLQJ WKH
UROH RI WXPRXU ORFDWLRQ LQ &5& DQG PRUH UHFHQWO\ VRPH LQVWLWXWLRQV KDYH UHFRPPHQGHG
WUHDWPHQW VWUDWHJLHV EDVHG RQ WXPRXU ORFDWLRQ DQG DVVRFLDWHG PROHFXODU FKDUDFWHULVWLFV
 7KHUHIRUH LW ZRXOG EH RI LQWHUHVW WR VWXG\ WKH H[SUHVVLRQ RI F\WRSODVPLF 1,. LQ D
ODUJHU QXPEHU RI SDWLHQWV ZLWK 005 GHILFLHQW WXPRXUV DQGRU %5$) PXWDWLRQ
SDUWLFXODUO\ LQ OLJKW RI HPHUJLQJ 1,. LQKLELWRUV WKDW KDYH GHPRQVWUDWHG HQFRXUDJLQJ UHVXOWV
LQ WKH FRQWH[W RI DXWRLPPXQH FRQGLWLRQV  7KH UROH RI WXPRXU ORFDWLRQ KDV EHHQ XQGHU

VFUXWLQ\ IRU VRPH WLPH &RORQ DQG UHFWDO FDQFHU DUH PDQDJHG DV FOLQLFDOO\ GLVWLQFW HQWLWLHV
ZLWK GLIIHUHQW WKHUDSHXWLF DQG VXUJLFDO VWUDWHJLHV 6RPH VWXGLHV VXJJHVW WKHVH WXPRXU VLWHV
VKRXOG EH FRQVLGHUHG DV FOLQLFDOO\ DQG ELRORJLFDOO\ GLVWLQFW GLVHDVH SURFHVVHV EDVHG RQ
GLIIHUHQFHV LQ DQDWRPLF VLWHV HPEU\RORJLFDO RULJLQ IXQFWLRQ WUHDWPHQW RSWLRQV DQG
PHWDVWDWLF SDWWHUQV ,Q WKH SUHVHQW VWXG\ DQDO\VHV ZHUH SHUIRUPHG ZLWK FRORQ DQG UHFWDO
FDQFHU SDWLHQWV FRPELQHG WKLV VWUDWHJ\ ULVNV RYHUORRNLQJ LPSRUWDQW DVVRFLDWLRQV EHWZHHQ
SDWKZD\ H[SUHVVLRQ FOLQLFRSDWKRORJLFDO IHDWXUHV DQG VXUYLYDO VSHFLILF WR WXPRXU VLWH
FRORQUHFWXP 7R DGGUHVV WKLV IXWXUH ZRUN ZLOO SHUIRUP VXEJURXS DQDO\VHV WR LQYHVWLJDWH
WKHVH WXPRXU VLWHV VHSDUDWHO\ $SSUR[LPDWHO\  RI SDWLHQWV GLVSOD\HG H[SUHVVLRQ RI 1,.
DW WKH QXFOHDU OHYHO DQG WKLV ZDV DVVRFLDWHG ZLWK LQFUHDVHG OLNHOLKRRG RI SDWLHQWV
XQGHUJRLQJ HPHUJHQF\ VXUJHU\ DQG UHGXFHG LQIODPPDWRU\ LQILOWUDWH DW WKH LQYDVLYH WXPRXU
PDUJLQ 3DWLHQWV ZKR SUHVHQW DV DQ HPHUJHQF\ W\SLFDOO\ KDYH PRUH DGYDQFHG WXPRXUV WKH
QRQFDQRQLFDO 1)ț% SDWKZD\ KDV IXQFWLRQV LQ UHJXODWLQJ LPPXQH UHVSRQVHV DQG VR WKLV
REVHUYDWLRQ PD\ UHIOHFW G\VIXQFWLRQ RI WKH SDWKZD\ LQ WXPRXUV ZLWK KLJKHU 710 VWDJH DQG
DVVRFLDWHG ORVV RI QRUPDO LPPXQRORJLFDO UHVSRQVHV 7KHUH LV VXEVWDQWLDO HYLGHQFH WKDW
LOOXVWUDWHV WKH LPSRUWDQFH RI WKH LPPXQRORJLFDO UHVSRQVH ZLWKLQ WKH WXPRXU
PLFURHQYLURQPHQW RI &5& 0RUH UHFHQWO\ LQ DQ LQWHUQDWLRQDO YDOLGDWLRQ VWXG\ WKH
,PPXQRVFRUH PHDVXULQJ WKH DGDSWLYH LPPXQRORJLFDO WXPRXU UHVSRQVH KDV EHHQ VKRZQ WR
UHOLDEO\ HVWLPDWH WKH ULVN RI FRORQ FDQFHU UHFXUUHQFH  $OWKRXJK LW ZDV QRW ZLWKLQ WKH
VFRSH RI WKHVH VWXGLHV WR DVVHVV WKH LPPXQH FRQWH[WXUH LW ZRXOG EH RI LQWHUHVW WR
LQYHVWLJDWH WKH DVVRFLDWLRQ EHWZHHQ LQQDWHDGDSWLYH LPPXQH FHOOV DQG QRQFDQRQLFDO 1)
ț% SURWHLQV DV WKH SDWKZD\ LV NQRZQ WR KDYH HVVHQWLDO UROHV LQ UHJXODWLQJ WKHVH LPPXQH
UHVSRQVHV +RZHYHU LQ FRQWUDVW WR F\WRSODVPLF 1,. H[SUHVVLRQ RI 1,. DW WKH QXFOHDU OHYHO
ZDV DVVRFLDWHG ZLWK VLJQLILFDQWO\ ZRUVH &66 LQ SDWLHQWV ZKR ZHUH 005 SURILFLHQW
3UHYLRXV LQ YLWUR VWXGLHV KDYH GHPRQVWUDWHG WKDW 1,. XQGHUJRHV VKXWWOLQJ EHWZHHQ WKH
F\WRSODVP QXFOHRSODVP DQG QXFOHROL DQG KDV VXJJHVWHG WKH VXEFHOOXODU GLVWULEXWLRQ RI 1,.
WR GLIIHUHQW FRPSDUWPHQWV PLJKW EH D PHDQV RI UHJXODWLQJ LWV IXQFWLRQ  $OWRJHWKHU
WKLV UDLVHV TXHVWLRQV DERXW WKH UROH RI 1,. LQ &5& SDUWLFXODUO\ LQ WKH FRQWH[W RI 005
VWDWXV ,W VKRXOG EH QRWHG WKDW RQO\  SDWLHQWV GLVSOD\HG H[SUHVVLRQ RI 1,. DW WKH QXFOHDU
OHYHO ZLWK D ORZ KLVWRVFRUH UDQJH IURP  WR  $OWKRXJK WKH 1,. DQWLERG\ KDG VSHFLILFLW\
FRQILUPHG XVLQJ ZHVWHUQ EORW IXUWKHU YDOLGDWLRQ VWXGLHV VKRXOG EH SHUIRUPHG ,Q DGGLWLRQ
WKH LQYHVWLJDWLRQ RI 1,. H[SUHVVLRQ VKRXOG EH XQGHUWDNHQ LQ H[WHUQDO SDWLHQW FRKRUWV WR VHH
LI UHVXOWV IURP WKH SUHVHQW VWXG\ DUH UHSURGXFHG
5HVXOWV IURP WKH *ODVJRZ FRKRUW FKDSWHU  WKDW LV SDWLHQWV ZKR XQGHUZHQW VXUJHU\ IRU
VWDJH ,,,, &5& VKRZHG KLJK H[SUHVVLRQ RI F\WRSODVPLF ,..Į ZDV DVVRFLDWHG ZLWK

SKHQRW\SLF IHDWXUHV DVVRFLDWHG ZLWK SRRU SURJQRVWLF RXWFRPH KLJKHU 7 VWDJH SRRU WXPRXU
GLIIHUHQWLDWLRQ WXPRXU QHFURVLV DQG ORZ SUROLIHUDWLRQ ,Q FRQWUDVW KLJK H[SUHVVLRQ RI
QXFOHDU ,..Į ZDV DVVRFLDWHG ZLWK PRUH IDYRXUDEOH WXPRXU FKDUDFWHULVWLFV VXFK DV ORZHU
710 VWDJH EHWWHU WXPRXU GLIIHUHQWLDWLRQ DQG KLJK SUROLIHUDWLRQ 7KH H[SODQDWLRQ IRU WKLV LV
XQFOHDU +RZHYHU LQ FRQWUDVW WR UHVXOWV RI WKH SUHVHQW VWXG\ WKHUH DUH D QXPEHU RI VWXGLHV
WKDW VXJJHVW QXFOHDU ,..Į KDV D WXPRXULJHQLF UROH )RU H[DPSOH QXFOHDU IXQFWLRQV RI
,..Į LQ &5& LQGHSHQGHQW RI 1)ț% KDYH EHHQ GHVFULEHG 7KH UROH RI 1RWFK VLJQDOOLQJ LQ
FDQFHU KDV EHHQ H[WHQVLYHO\ UHSRUWHG DQG LQFUHDVHG H[SUHVVLRQ RI 1RWFKWDUJHW JHQHV LV D
FRPPRQ IHDWXUH LQ PDQ\ FDQFHUV  )HUQiQGH]0DMDGD DQG FRZRUNHUV UHSRUWHG WKH
DEHUUDQW DFWLYDWLRQ RI ,..Į DQG VXEVHTXHQW UHFUXLWPHQW WR WKH FKURPDWLQ LQ D YDULHW\ RI
1RWFK WDUJHWV OHDG WR WKH UHOHDVH RI 6057 DQG WUDQVFULSWLRQDO DFWLYDWLRQ RI WKHVH JHQHV LQ
FRORQ FHOO OLQHV  $FWLYDWLRQ RI ,..Į KDV DOVR EHHQ LPSOLFDWHG LQ WKH GHYHORSPHQW RI
FDVWUDWHUHVLVWDQW SURVWDWH FDQFHU /XR DQG FRZRUNHUV UHSRUWHG QXFOHDU WUDQVORFDWLRQ RI
,..Į LQKLELWHG PHWDVWDVLV VXSSUHVVRU 0DVSLQ DQG LQGXFHG D PHWDVWDWLF SKHQRW\SH LQ YLYR
D SURFHVV WKDW LV D FRQVHTXHQFH RI WXPRXU LQILOWUDWLRQ E\ 5$1./H[SUHVVLQJ LQIODPPDWRU\
FHOOV WKDW DFWLYDWH ,..Į LQ WKH QXFOHL RI FDUFLQRPD FHOOV WR UHSUHVV 0DVSLQ WUDQVFULSWLRQ
7KLV VWXG\ UHSRUWHG WKH DPRXQW RI DFWLYH QXFOHDU ,..Į LQ PRXVH DQG KXPDQ SURVWDWH
FDQFHU FRUUHODWHG ZLWK PHWDVWDWLF SURJUHVVLRQ  $OWRJHWKHU ZLWK UHVSHFW WR UHVXOWV
RI WKH SUHVHQW VWXG\ LW LV XQFOHDU ZK\ KLJK H[SUHVVLRQ RI QXFOHDU ,..Į ZDV DVVRFLDWHG ZLWK
IDYRXUDEOH SKHQRW\SLF WXPRXU IHDWXUHV DQG WKLV ZDUUDQWV IXUWKHU LQYHVWLJDWLRQ DQG
YDOLGDWLRQ LQ H[WHUQDO SDWLHQW FRKRUWV
,Q FKDSWHU  OHYHOV RI F\WRSODVPLF SURWHLQ H[SUHVVLRQ ZHUH FRPELQHG WR FUHDWH WZR JURXSV
ORZ H[SUHVVLRQ RI 1,. ,..Į DQG 5HO% YV KLJK H[SUHVVLRQ RI RQH RU PRUH SURWHLQV
5HVXOWV VKRZHG WKDW SDWLHQWV ZKR KDG WXPRXUV H[SUHVVLQJ KLJK OHYHOV RI MXVW RQH RI WKH
WKUHH QRQFDQRQLFDO 1)ț% SURWHLQV XQGHU LQYHVWLJDWLRQ KDG VLJQLILFDQWO\ UHGXFHG &66
ZLWK D UHGXFWLRQ LQ \HDU VXUYLYDO IURP  WR  DQG D UHGXFWLRQ LQ \HDU VXUYLYDO
IURP  WR  7KLV UHGXFWLRQ LQ VXUYLYDO ZDV SRWHQWLDWHG LQ SDWLHQWV ZKR ZHUH 005
SURILFLHQW 2YHUDOO UHVXOWV IURP ,+& VXJJHVW H[SUHVVLRQ RI F\WRSODVPLF QRQFDQRQLFDO 1)
ț% SDWKZD\ PHPEHUV ZDV DVVRFLDWHG ZLWK DGYHUVH SKHQRW\SLF WXPRXU IHDWXUHV DQG
UHGXFWLRQ LQ &66 7KH FRPELQHG F\WRSODVPLF SURWHLQ H[SUHVVLRQ VFRUH ZDV QRW VXEMHFWHG WR
PXOWLYDULDWH VXUYLYDO DQDO\VLV IXWXUH VWXGLHV VKRXOG FRQVLGHU WKLV WR DVVHVV LI LW LV
LQGHSHQGHQWO\ DVVRFLDWHG ZLWK VXUYLYDO
7KH DLP RI WKH &5& VFUHHQLQJ SURJUDPPH LV WR GHWHFW FDQFHUV DW DQ HDUO\ VWDJH WR HQDEOH
FXUDWLYH WUHDWPHQW DQG WR UHPRYH SUHFDQFHURXV SRO\SV WKDW KDYH PDOLJQDQW SRWHQWLDO

5HVXOWV IURP FKDSWHU  GHPRQVWUDWH WKDW HYHQ LQ HDUO\ VWDJH VFUHHQGHWHFWHG 7 &5& WKH
H[SUHVVLRQ RI F\WRSODVPLF ,..Į ZDV DVVRFLDWHG ZLWK D PRUH LQYDVLYH WXPRXU SKHQRW\SH
+LJK H[SUHVVLRQ RI F\WRSODVPLF ,..Į ZDV DVVRFLDWHG ZLWK KLJKHU 710 VWDJH DQG DV VXFK D
JUHDWHU OLNHOLKRRG RI XQGHUJRLQJ ERZHO UHVHFWLRQ UDWKHU WKDQ ORFDO UHVHFWLRQ LH
SRO\SHFWRP\7(06 /RZ SDWLHQW QXPEHUV DQG HYHQWV OLPLWHG VWDWLVWLFDOO\ PHDQLQJIXO
VXUYLYDO DQDO\VLV LQ WKH VFUHHQLQJ FRKRUW KRZHYHU LW ZDV RI LQWHUHVW WKDW D ODUJH QXPEHU RI
GHDWKV ZHUH REVHUYHG LQ SDWLHQWV KLJKO\ H[SUHVVLQJ RQH RU PRUH QRQFDQRQLFDO 1)ț%
SURWHLQV $OWRJHWKHU UHVXOWV IURP WKH VFUHHQLQJ FRKRUW GHPRQVWUDWH WKDW ,..Į LV LPSRUWDQW
DW WKH HDUO\ VWDJHV RI WXPRXU LQYDVLYHQHVV DQG WKHUHIRUH QRQFDQRQLFDO 1)ț% XSUHJXODWLRQ
LV OLNHO\ WR EH LPSRUWDQW LQ WKH HDUO\ VWDJHV RI WXPRXU GHYHORSPHQW DQG SURJUHVVLRQ UDWKHU
WKDQ D SKHQRPHQRQ RI DGYDQFHG GLVHDVH )RU H[DPSOH &RORPHU DQG FRZRUNHUV UHSRUWHG
GHILFLHQF\ RI ,..Į LQ $3& PXWDWHG PLFH UHGXFHG WXPRXU LQLWLDWLRQ DQG SUROLIHUDWLRQ EXW
ZDV QRW UHTXLUHG IRU QRUPDO WLVVXH KRPHRVWDVLV 8VLQJ RUJDQRLGVSKHURLG PRGHOV WKLV
JURXS DOVR GHPRQVWUDWHG GHILFLHQF\ RI ,..Į UHVXOWHG LQ D GHFUHDVH LQ OHYHOV RI JHQHV
HVVHQWLDO IRU PDLQWDLQLQJ LQWHVWLQDO VWHP FHOO IXQFWLRQ  7KH UHVXOWV RI WKLV VWXG\
VXJJHVW ,..Į LV HVVHQWLDO IRU WXPRXU LQLWLDWLRQ EXW LV QRQHVVHQWLDO IRU PDLQWDLQLQJ QRUPDO
KRPHRVWDVLV WKHUHE\ PDNLQJ ,..Į D FOLQLFDOO\ H[SORLWDEOH WDUJHW
:KLOVW H[SUHVVLRQ RI ,..Į DW WKH QXFOHDU DQG F\WRSODVPLF OHYHO ZDV H[SHFWHG D WKLUG
SDWWHUQ RI VWDLQLQJ ZDV DOVR REVHUYHG 7KLV µSXQFWDWH¶ SDWWHUQ RI ,..Į H[SUHVVLRQ ZDV
REVHUYHG LQ WKH SHULQXFOHDU VSDFH LQ D QXPEHU RI SDWLHQWV 7KH VL]H DQG QXPEHU RI WKH
SXQFWD ZHUH YDULDEOH ([SUHVVLRQ RI ,..Į DW WKH QXFOHDU RU F\WRSODVPLF OHYHO ZDV QRW
DVVRFLDWHG ZLWK &66 KRZHYHU SDWLHQWV ZLWK LQFUHDVLQJ H[SUHVVLRQ RI SXQFWDWH ,..Į KDG
VLJQLILFDQWO\ ZRUVH &66 DW  DQG \HDUV IROORZLQJ VXUJHU\ WKLV ZDV SRWHQWLDWHG LQ
SDWLHQWV ZLWK %5$) ZLOGW\SH VWDWXV +LJK H[SUHVVLRQ RI SXQFWDWH ,..Į ZDV
LQGHSHQGHQWO\ DVVRFLDWHG ZLWK &66 LQ WKH IXOO FRKRUW VXJJHVWLQJ LW LV DQ LPSRUWDQW
SURJQRVWLF IDFWRU LQ SDWLHQWV XQGHUJRLQJ VXUJHU\ IRU &5& 7KLV SDWWHUQ RI ,..Į
DFFXPXODWLRQ ZDV FRQVLGHUHG D SRVVLEOH VWDLQLQJ DUWHIDFW KRZHYHU WKH DQWL,..Į DQWLERG\
XVHG LQ WKH SUHVHQW VWXG\ KDV EHHQ H[WHQVLYHO\ YDOLGDWHG DQG LV VSHFLILF IRU ,..Į DV
GHWDLOHG LQ FKDSWHU  VHFWLRQ  $GGLWLRQDOO\ D &5& WLVVXH VDPSOH ZDV DOZD\V XVHG DV D
QHJDWLYH FRQWURO DQG WKH SXQFWDWH VWDLQLQJ ZDV QRW REVHUYHG LQ DEVHQFH RI WKH SULPDU\
DQWLERG\ 7R WKLV HQG IXWXUH VWXGLHV VKRXOG DLP WR XVH D GLIIHUHQW DQWL,..Į DQWLERG\ ZLWK
FRQILUPHG ,..Į VSHFLILFLW\ WR IXUWKHU YDOLGDWH UHVXOWV RI WKH SUHVHQW VWXG\ $V WKH SXQFWDWH
SDWWHUQ RI ,..Į ZDV D QRYHO ILQGLQJ D TXDOLWDWLYH PHWKRG RI DVVHVVPHQW ZDV XVHG
+RZHYHU ZH KDYH DFNQRZOHGJHG WKDW WR HQDEOH FRQVLVWHQW DQG UHSURGXFLEOH LQWHUSUHWDWLRQ

RI VWDLQLQJ DWWHPSWV WR TXDQWLI\ WKLV VWDLQLQJ SDWWHUQ VKRXOG EH WKH VFUXWLQ\ RI IXWXUH ZRUN
IRU H[DPSOH XVLQJ DXWRPDWHG LPDJH DQDO\VLV
%RZHQ DQG FRZRUNHUV KDYH DOVR UHSRUWHG D MX[WDQXFOHDU GRWOLNH SDWWHUQ RI VWDLQLQJ
GXULQJ LQYHVWLJDWLRQ RI FROODJHQ H[SUHVVLRQ ZLWK ,+& LQ QRUPDO DQG PDOLJQDQW FRORUHFWDO
WLVVXH VSHFLPHQV 7KLV VWXG\ IRXQG WKH GRWOLNH MX[WDQXFOHDU SDWWHUQ RI FROODJHQ H[SUHVVLRQ
PLUURUHG VWDLQLQJ REVHUYHG ZLWK D . *ROJL PDUNHU  %RZHQ DQG FRZRUNHUV GLG QRW
HPSOR\ LPPXQRIOXRUHVFHQFH LQ WKH VWXG\ 5HVXOWV IURP FKDSWHU  GHPRQVWUDWH D SDWWHUQ RI
LPPXQRIOXRUHVFHQW ,..Į VWDLQLQJ WKDW ZDV FRPSDUDEOH WR WKH SXQFWDWH VWDLQLQJ REVHUYHG
ZLWK ,+& 7R XQGHUVWDQG WKH GLVWULEXWLRQ RI ,..Į IXUWKHU LQ WKH SUHVHQW VWXG\ PDUNHUV RI
FHOOXODU WUDQVSRUW ZHUH LQYHVWLJDWHG XVLQJ GXDO LPPXQRIOXRUHVFHQFH 8VLQJ DQ DQWLERG\
UDLVHG DJDLQVW D UHVLGHQW *ROJL HQ]\PH . IRUPLPLQRWUDQVIHUDVH F\FORGHDPLQDVH
UHVXOWV RI WKH SUHVHQW VWXG\ VKRZHG ,..Į ZDV FRORFDWHG ZLWK WKH *ROJL DSSDUDWXV RU
LQGHHG D *ROJLUHODWHG VWUXFWXUH ZKHUH WKH *ROJL PDUNHU DSSHDUHG WR FORVHO\ VXUURXQG
,..Į SXQFWDWH H[SUHVVLRQ $OWKRXJK WKH H[SODQDWLRQ IRU WKLV LV XQFOHDU WKHUH DUH D QXPEHU
RI SRVVLEOH K\SRWKHVHV
 &RORFDWLRQ RI ,..Į ZLWK WKH *ROJL UHSUHVHQWV DQ 1)ț% LQGHSHQGHQW
SDWKZD\ LQYROYLQJ ,..Į )RU H[DPSOH 0DUJDOHI DQG FRZRUNHUV UHSRUWHG IXOO
OHQJWK ,..Į XQGHUJRHV FDWKHSVLQGHSHQGHQW SURFHVVLQJ WR SURGXFH D WUXQFDWHG
LVRIRUP S,..Į LQ F\WRSODVPLF YHVLFOHV DVVRFLDWHG ZLWK WKH HDUO\ HQGRVRPDO
PDUNHU 5DE DQG WKDW WKLV WUXQFDWHG LVRIRUP RI ,..Į LV LPSOLFDWHG LQ &5&
WXPRXULJHQHVLV LQ YLYR  ,Q DQ DWWHPSW WR XQGHUVWDQG LI WKH SDWWHUQ RI SXQFWDWH
H[SUHVVLRQ REVHUYHG LQ WKH SUHVHQW VWXG\ FRUUHVSRQGHG WR WKH µYHVLFOHV¶ UHSRUWHG E\
0DUJDOHI DQG FRZRUNHUV WZR GLIIHUHQW DQWLS,..Į DQWLERGLHV ZHUH HPSOR\HG
KRZHYHU VWDLQLQJ ZDV QRW DFKLHYHG ZLWK HLWKHU ,+& RU LPPXQRIOXRUHVFHQFH GHVSLWH
PXOWLSOH DWWHPSWV DW RSWLPLVDWLRQ $GGLWLRQDOO\ UHVXOWV RI WKH SUHVHQW VWXG\ GR QRW
OHQG VXSSRUW WR WKLV JURXSV ZRUN DV SXQFWDWH ,..Į GLG QRW ORFDWH ZLWK WKH
HQGRVRPDO PDUNHU 5DE 7KLV FRXOG EH H[SODLQHG E\ YDULDWLRQV LQ ,+& WHFKQLTXH DV
ZHOO DV IDFWRUV LPSDFWLQJ WLVVXH TXDOLW\ DV GLVFXVVHG HDUOLHU LQ WKLV WKHVLV
͚Ǥ &RORFDWLRQ RI ,..Į ZLWK WKH *ROJL UHSUHVHQWV G\VIXQFWLRQ RI *ROJLUHODWHG
SURFHVVHV *O\FRV\ODWLRQ LV D NH\ SRVWWUDQVODWLRQDO PRGLILFDWLRQ WKDW WDNHV SODFHV
LQ WKH HQGRSODVPLF UHWLFXOXP*ROJL QHWZRUN 7KH SURFHVV RI JO\FRV\ODWLRQ LQYROYHV
WKH DGGLWLRQ RI FDUERK\GUDWH PROHFXOHV WR SURWHLQV WR UHJXODWH WKHLU DFWLYLW\ 6XFK
PRGLILFDWLRQV HQVXUH FRUUHFW SURWHLQ IROGLQJ VWDELOLW\ DQG GLUHFWLRQ RI WKH QHZ

SURWHLQ WR GLVWLQFW FHOOXODU FRPSDUWPHQWV HJ QXFOHXV PHPEUDQH  $EQRUPDO
JO\FRV\ODWLRQ KDV EHHQ DVVRFLDWHG ZLWK PDQ\ KXPDQ FDQFHUV 6SHFLILFDOO\ LQ &5&
.HOORNXPSX DQG FRZRUNHUV UHSRUWHG D FKDQJH LQ *ROJL VWUXFWXUH 7KH\ REVHUYHG
WKDW LQ QRUPDO FRORUHFWDO WLVVXH WKH *ROJL KDV D µKRUVHVKRH¶VKDSHG FRQILJXUDWLRQ
KRZHYHU LQ FDQFHU FHOOV WKLV RUJDQLVDWLRQ LV DEVHQW DQG WKH *ROJL DSSHDU DV VPDOO
SXQFWDWH VWUXFWXUHV DURXQG RU FORVH WR WKH QXFOHL 7KH VDPH VWXG\ ZDV DEOH WR
GHPRQVWUDWH VWUXFWXUDO DQG IXQFWLRQDO FKDQJHV RI WKH *ROJL DSSDUDWXV LQ &5& FHOOV
LQ YLYR DQG LQ YLWUR FDQ EH DWWULEXWHG WR DOWHUDWLRQV LQ *ROJL S+  DQG WKLV OHDGV
WR ORZHUHG JO\FRV\ODWLRQ SRWHQWLDO
 &RORFDWLRQ RI ,..Į ZLWK WKH *ROJL UHSUHVHQWV D ORFDOLVHG SHULQXFOHDU
VLJQDOOLQJ SDWKZD\ 8SUHJXODWLRQ RI NH\ UHFHSWRUV LQYROYHG LQ VWLPXODWLRQ RI WKH
QRQFDQRQLFDO 1)ț% SDWKZD\ LQ WKH SHULQXFOHDU DUHD PD\ EH UHVSRQVLEOH IRU D
ORFDOLVHG SDWKZD\ VWLPXODWLQJ ,..Į SURGXFWLRQ DQG DFWLYLW\ 7R LQYHVWLJDWH WKLV
IXUWKHU GLVWULEXWLRQ RI WKRVH UHFHSWRUV WKDW KDYH DQ 1/6 VKRXOG EH VWXGLHG
 &RORFDWLRQ RI ,..Į ZLWK WKH *ROJL PD\ UHSUHVHQW LQYROYHPHQW ZLWK
F*$667,1* SDWKZD\ RI F\WRVROLF '1$ VHQVLQJ 7KH F*$667,1* &\FOLF
*03$03 V\QWKDVH6WLPXODWRU RI LQWHUIHURQ JHQHV SDWKZD\ ZDV LQLWLDOO\
GHVFULEHG ZLWK UHVSHFW WR WKH DQWLPLFURELDO LPPXQH UHVSRQVH EXW LV DOVR XQGHU
VFUXWLQ\ IRU LWV UROH LQ GHWHFWLQJ WXPRXUGHULYHG '1$ &\WRSODVPLF VHQVRU 67,1*
LV ORFDWHG RQ WKH HQGRSODVPLF UHWLFXOXP PHPEUDQH DQG RQFH DFWLYDWHG LV WUDIILFNHG
WR WKH *ROJL 67,1* DFWLYDWHV ,..ȕ DQG 7%. 7%. SKRVSKRU\ODWHV 67,1*
UHVXOWLQJ LQ WKH UHFUXLWPHQW RI ,5) IRU SKRVSKRU\ODWLRQ ,5) HQWHUV WKH QXFOHXV
ZKHUH LW ZRUNV ZLWK FDQRQLFDO 1)ț% SURWHLQV SS WR UHJXODWH H[SUHVVLRQ RI
W\SH , LQWHUIHURQ DQG RWKHU SURLQIODPPDWRU\ F\WRNLQHV  7KH WUDIILFNLQJ RI
67,1* WR WKH SHULQXFOHDU FRPSDUWPHQW ZKHUH LW IRUPV D ODUJH SXQFWDWH VWUXFWXUH
KDV EHHQ GHVFULEHG  7KHUHIRUH D SRVVLEOH K\SRWKHVLV LV WKDW ,..Į LV
LPSOLFDWHG WKH UHJXODWLRQ RI WKH F*$667,1* SDWKZD\ E\ UHFUXLWPHQW WR WKH
SHULQXFOHDU FRPSDUWPHQW
,Q WKH SXUVXLW RI D SHUVRQDOLVHG PHGLFLQH DSSURDFK WR FDQFHU FDUH WKH GLVFRYHU\ RI
SUHGLFWLYH ELRPDUNHUV ZLOO DOORZ QHZ DQG H[LVWLQJ WUHDWPHQWV WR EH GLUHFWHG WR WKRVH
SDWLHQWV LQ ZKR WKH\ ZLOO EH PRVW HIIHFWLYH ,W LV ZHOO UHFRJQLVHG WKDW WZR SDWLHQWV ZLWK WKH
VDPH VWDJH RI &5& FDQ KDYH GLIIHULQJ UHVSRQVHV WR WUHDWPHQW DQG VXUYLYDO RXWFRPHV $
OLPLWDWLRQ RI WKH SUHVHQW VWXG\ ZDV WKDW LQIRUPDWLRQ UHJDUGLQJ DGMXYDQW WKHUDS\ ZDV RQO\

DYDLODEOH LQ  RI SDWLHQWV DQG WKHUHIRUH WKH SUHGLFWLYH FDSDFLW\ RI QRQFDQRQLFDO 1)ț%
SURWHLQV ZDV QRW H[DPLQHG 7KLV LV D VLJQLILFDQW GUDZEDFN RI WKH SUHVHQW VWXG\ DQG KDV DQ
LPSDFW RQ WKH DELOLW\ WR GUDZ FRQFOXVLRQV DERXW WKH SUHGLFWLYH FDSDFLW\ RI ,..Į LQ WKLV
FRKRUW 7KLV LQFRPSOHWH GDWD PD\ DOVR H[SODLQ ZK\ DGMXYDQW WKHUDS\ ZDV QRW DVVRFLDWHG
ZLWK VXUYLYDO LQ WKH SUHVHQW VWXG\ $UFKLYDO GDWD UHJDUGLQJ DGMXYDQW WKHUDS\ ZDV QRW
DFFHVVLEOH YLD WKH &KHPR&DUH GDWDEDVH GXH WR WKH DJH RI WKH FRKRUW XVHG LQ FKDSWHU 
SDWLHQWV XQGHUZHQW VXUJHU\ EHWZHHQ  ,W ZRXOG EH LPSRUWDQW IRU IXWXUH WLVVXH
VWXGLHV XVLQJ D QHZHU SDWLHQW FRKRUW WR LQYHVWLJDWH WKH SUHGLFWLYH FDSDFLW\ RI ERWK 1,. DQG
,..Į ZLWK UHVSHFW WR FKHPR DQG UDGLRWKHUDS\ )RU H[DPSOH LQ RWKHU FDQFHUV VXFK DV
RHVWURJHQ UHFHSWRUSRVLWLYH EUHDVW FDQFHU KLJK H[SUHVVLRQ RI ,..Į ZDV DVVRFLDWHG ZLWK
UHGXFHG WLPH WR UHFXUUHQFH DQG LQIHULRU &66  DQG LQ D VHSDUDWH VWXG\ LQYHVWLJDWLQJ WKH
SUHGLFWLYH FDSDFLW\ RI ,..Į QHJDWLYH H[SUHVVLRQ ZDV DQ LQGHSHQGHQW SUHGLFWLYH ELRPDUNHU
IRU ORZHU EUHDVW FDQFHU UHFXUUHQFH RQ VHTXHQWLDO WKHUDS\ 
,Q YLWUR VWXGLHV
5HVXOWV IURP WLVVXH VWXGLHV VXJJHVWHG D UROH IRU WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LQ &5&
WXPRXULJHQHVLV )XUWKHUPRUH GLIIHUHQFHV LQ VXUYLYDO ZHUH REVHUYHG LQ SDWLHQWV ZLWK %5$)
ZLOGW\SH VWDWXV DQG %5$) 9( PXWDWLRQ ,Q YLWUR VWXGLHV ZHUH WKHUHIRUH SHUIRUPHG WR
LQYHVWLJDWH WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LQ WZR FRORQ FDQFHU FHOOV OLQHV ZLWK
FRQWUDVWLQJ PXWDWLRQDO ODQGVFDSHV .5$6 ZLOGW\SH DQG %5$) PXWDWHG +7 FHOOV DQG
.5$6 PXWDWHG DQG %5$) ZLOGW\SH 7 FHOOV
,Q FKDSWHU  PDUNHUV RI QRQFDQRQLFDO 1)ț% SDWKZD\ DFWLYDWLRQ S DQG SKRVSKR
S ZHUH HYDOXDWHG XVLQJ ZHVWHUQ EORWWLQJ 6WLPXODWLRQ RI +7 DQG 7 FRORQ FDQFHU
FHOOV UHVXOWHG LQ LQFUHDVHG H[SUHVVLRQ RI S $OWKRXJK WKLV ZDV QRW VWDWLVWLFDOO\
VLJQLILFDQW IXWXUH ZRUN VKRXOG FRQVLGHU DVVHVVLQJ IRU QXFOHDU S XVLQJ QXFOHDU IUDFWLRQV
WKLV PD\ SURYLGH PRUH FRQILUPDWLYH UHVXOWV 3KRVSKRS ZDV DOVR GHWHFWHG LQ +7 DQG
7 FHOOV IROORZLQJ H[SRVXUH WR O\PSKRWR[LQ Įȕ KRZHYHU WKLV UHVXOW FRXOG QRW EH
TXDQWLILHG DV WKH H[SHULPHQW ZDV RQO\ SHUIRUPHG WZLFH GXH WR WLPH OLPLWDWLRQV :LWK WKLV
GUDZEDFN LQ PLQG IXWXUH VWXGLHV VKRXOG DLP WR FRQILUP WKHVH LQLWLDO REVHUYDWLRQV WR HQVXUH
UHOLDEOH DQG UHSURGXFLEOH UHVXOWV 7 FHOOV GLVSOD\HG KLJKHU EDVDO OHYHOV RI SDWKZD\
SURWHLQV HYHQ EHIRUH VWLPXODWLRQ 0XWDWLRQV LQ WKH QRQFDQRQLFDO 1)ț% SDWKZD\ KDYH
EHHQ UHSRUWHG LQ PXOWLSOH P\HORPD  $OWKRXJK WKHUH DUH QR UHSRUWHG PXWDWLRQV
DVVRFLDWHG ZLWK QRQFDQRQLFDO 1)ț% VLJQDOOLQJ LQ &5& FRQVWLWXWLYH DFWLYDWLRQ RI WKH
SDWKZD\ KDV EHHQ UHSRUWHG LQ SURVWDWH FDQFHU FHOO OLQHV  DQG LQ SDQFUHDWLF FDQFHU FHOOV

ZKHUH 1,. LV FRQVWLWXWLYHO\ LQYROYHG LQ WKH SURFHVVLQJ RI S DQG QXFOHDU WUDQVSRUW RI
S DQG 5HO% 
0DUJDOHI DQG FRZRUNHUV UHSRUWHG GLIIHUHQFHV LQ .5$6 DQG %5$)PXWDQW &5& FHOOV
7KH\ UHSRUWHG RQO\ PXWDQW .5$6 FHOOV ZHUH FDSDEOH RI LQGXFLQJ WKH 1)ț% SDWKZD\ DQG
%5$) DFWLYDWHG DQ ,..Į LQGHSHQGHQW SURFHVV ZKLFK UHVXOWHG LQ WKH SKRVSKRU\ODWLRQ RI D
SURWHRO\WLF IUDJPHQW RI ,..Į S,..Į DQ DEXQGDQFH RI S,..Į ZDV REVHUYHG LQ
%5$) PXWDWHG FRORQ FDQFHU WLVVXH 7UHDWPHQW RI FHOOV ZLWK D 5$) LQKLELWRU UHVXOWHG LQ
UHGXFHG S,..Į GHWHFWLRQ EXW GLG QRW DOWHU H[SUHVVLRQ RI ,..Įȕ ,ț%Į RU S 
$OWRJHWKHU WKLV VWXG\ VXJJHVWHG WKDW LQ %5$) PXWDWHG FRORQ FDQFHU FHOOV WKH SURGXFWLRQ RI
S,..Į LV LQGHSHQGHQW RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ ,Q WKH SUHVHQW VWXG\
O\PSKRWR[LQ Įȕ VWLPXODWHG VDPSOHV RI +7 DQG 7 FHOOV ZHUH DVVHVVHG IRU
H[SUHVVLRQ RI ,..Į $ EDQG DW N'D ZDV LQGLFDWLYH RI IXOOOHQJWK ,..Į KRZHYHU D EDQG
DW N'D UHIOHFWLQJ WUXQFDWHG ,..Į UHSRUWHG E\ 0DUJDOHI DQG FRZRUNHUV ZDV QRW
GHWHFWHG $Q DQWLERG\ UDLVHG DJDLQVW S,..Į ZDV DOVR XVHG UHVXOWV QRW VKRZQ KRZHYHU
WKHUH ZHUH QR ILQGLQJV WR OHQG VXSSRUW WR WKH ZRUN RI 0DUJDOHI DQG FRZRUNHUV
$V GLVFXVVHG ,..Į LV XSUHJXODWHG LQ SURVWDWH DQG SDQFUHDWLF FDQFHU FHOOV 8QSXEOLVKHG
UHVXOWV KDYH VKRZQ WKDW WKH FRPELQDWLRQ RI ,..Į LQKLELWRU ZLWK H[LVWLQJ WUHDWPHQWV KDV D
V\QHUJLVWLF HIIHFW ZLWK FDQFHU FHOOV EHFRPLQJ PRUH VHQVLWLVHG WR FXUUHQW VWDQGDUG
WUHDWPHQWV IRU ERWK FDVWUDWHUHVLVWDQW SURVWDWH FDQFHU DQG SDQFUHDWLF FDQFHU (QFRXUDJLQJO\
SUHOLPLQDU\ UHVXOWV IURP LQ YLYR VWXGLHV LQ PLFH ZLWK PHWDVWDWLF SURVWDWH FDQFHU [HQRJUDIWV
KDYH VKRZQ UHGXFWLRQ LQ WXPRXU YROXPH 5HVXOWV IURP FKDSWHU  VKRZHG WKDW LQ +7
FHOOV WUHDWHG ZLWK D GRVH UDQJH RI ,..Į LQKLELWRU 68 LQKLELWLRQ RI QRQFDQRQLFDO 1)
ț% DFWLYLW\ ZDV REVHUYHG DV UHIOHFWHG E\ GLPLQLVKHG H[SUHVVLRQ RI S DQG
SKRVSKRU\ODWHGS $OWKRXJK WKLV GLG QRW UHDFK VWDWLVWLFDO VLJQLILFDQFH RYHU WKUHH
LQGHSHQGHQW H[SHULPHQWV IXWXUH H[SHULPHQWV VKRXOG FRQVLGHU UHSHDWLQJ WKLV ZRUN ZLWK
GLIIHUHQW FRQGLWLRQV VXFK DV D ORQJHU SUHWUHDWPHQW ZLWK LQKLELWRU DQGRU OLJDQG H[SRVXUH
RYHU D ORQJHU WLPH SHULRG 'XH WR WLPH OLPLWDWLRQV WKLV H[SHULPHQW ZDV RQO\ SHUIRUPHG LQ
+7 FHOOV IXWXUH VWXGLHV VKRXOG DLP WR H[DPLQH WKH HIIHFW RI ,..Į LQKLELWRUV LQ 7
FRORQ FDQFHU FHOOV ZKLFK GLVSOD\HG D KLJKHU EDVDO OHYHO RI QRQFDQRQLFDO 1)ț% DFWLYLW\
7DUJHWLQJ VSHFLILF VLJQDOOLQJ SDWKZD\V WKDW GULYH WXPRXULJHQHVLV RIIHU WKH SRWHQWLDO RI D
PRUH VSHFLILF WKHUDS\ ZLWK UHGXFHG V\VWHPLF WR[LFLW\ 2QH RI WKH PRVW VXFFHVVIXO H[DPSOHV
RI WKLV LV WKH DQWL+(5 DQWLERG\ LQ +(5SRVLWLYH EUHDVW FDQFHU 6HOHFWLQJ D PROHFXODU
WDUJHW RU SDWKZD\ ZLOO GHSHQG RQ KRZ WKH SDWKZD\ LV G\VUHJXODWHG 1)ț% G\VUHJXODWLRQ

KDV EHHQ REVHUYHG LQ D QXPEHU RI FDQFHUV DQG VSHFLILFDOO\ LQ &5& LV DVVRFLDWHG ZLWK
WXPRXU SURPRWLQJ SURFHVVHV DQG UHVLVWDQFH WR H[LVWLQJ WKHUDSLHV  7KHUHIRUH
LQKLELWLQJ 1)ț% SUHVHQWV LWVHOI DV SRWHQWLDO WKHUDSHXWLF VWUDWHJ\ 7KH SURWHDVRPH LQKLELWRU
%RUWH]RPLE KDV EHHQ XVHG VXFFHVVIXOO\ LQ PXOWLSOH P\HORPD KRZHYHU WKLV VXFFHVV KDV QRW
WUDQVODWHG LQWR VROLG PDOLJQDQFLHV LQFOXGLQJ &5& 1)ț% KDV HVVHQWLDO IXQFWLRQV LQ WLVVXH
KRPHRVWDVLV DQG LPPXQLW\ 7R GDWH QRQVHOHFWLYH ,.. LQKLELWRUV RU ,..ȕVSHFLILF
LQKLELWRUV KDYH EHHQ UHSRUWHG KRZHYHU WKH\ KDYH EHHQ DVVRFLDWHG ZLWK VLJQLILFDQW VLGH
HIIHFWV *HQHWLF DQG SKDUPDFRORJLFDO LQKLELWLRQ RI ,..ȕ UHVXOWV LQ H[WUHPH WR[LFLW\ 
HIIHFWV RI LQKLELWLQJ WKH FDQRQLFDO 1)ț% SDWKZD\ LQFOXGH LQIODPPDWRU\ VNLQ GLVHDVH DQG D
FRPSURPLVLQJ HIIHFW RQ FRORQLF HSLWKHOLXP  ,Q DGGLWLRQ PXULQH VWXGLHV VKRZ ,..ȕ
NQRFNRXW UHVXOWV LQ H[WHQVLYH OLYHU GDPDJH  )XUWKHU WR WKLV WKHUH DUH QXPEHU RI
UHDVRQV ZK\ ,..Į DSSHDUV WR EH D JRRG WKHUDSHXWLF VWUDWHJ\ LQ JHQHUDO )LUVWO\ SUHYLRXV
VWXGLHV KDYH VKRZQ WKDW ,..Į LV GLVSHQVDEOH IRU QRUPDO WLVVXH IXQFWLRQ DV ZHOO DV QRUPDO
FDQRQLFDO 1)ț% DFWLYLW\ 6HFRQGO\ ,..Į LQKLELWRUV KDYH GHPRQVWUDWHG JRRG HIILFDF\ LQ
SURVWDWH DQG SDQFUHDWLF FDQFHU FHOOV 8QWLO PRUH UHFHQWO\ WKHUH KDG EHHQ QR UHSRUWV RI
,..Į VHOHFWLYH LQKLELWRUV 7KURXJK FROODERUDWLRQ ZLWK WKH 8QLYHUVLW\ RI 6WUDWKFO\GH RXU
ODERUDWRU\ KDV EHHQ LQYROYHG LQ WHVWLQJ ILUVWLQFODVV ,..Į VHOHFWLYH LQKLELWRUV 7KHVH
LQKLELWRUV KDYH VKRZQ SURPLVLQJ HDUO\ UHVXOWV DQG SURJUHVV LQWR SUHFOLQLFDO WHVWLQJ LV
DZDLWHG 7KH SUHVHQW VWXG\ KDV QRW EHHQ DEOH WR JHQHUDWH VXIILFLHQW GDWD UHJDUGLQJ WKH
HIIHFWLYHQHVV RI WKHVH FRPSRXQGV LQ YLWUR PRUH ULJRURXV WHVWLQJ RI WKHVH FRPSRXQGV LQ D
FRPSOHWH SDQHO RI FRORQ FDQFHU FHOO OLQHV SDWLHQWGHULYHG RUJDQRLGV DQG PXULQH PRGHOV RI
&5& ZLOO EH SXUVXHG
)XWXUH ZRUN
7KH UHVXOWV SUHVHQWHG LQ WKLV WKHVLV OHQG VXSSRUW WR SUHYLRXV VWXGLHV WKDW KDYH LQYHVWLJDWHG
H[SUHVVLRQ RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ LQ EUHDVW DQG SURVWDWH FDQFHU WLVVXH
VSHFLPHQV 6SHFLILFDOO\ H[SUHVVLRQ RI ,..Į KDV RQFH DJDLQ EHHQ KLJKOLJKWHG DV DQ
LPSRUWDQW SURJQRVWLF PDUNHU IRU VXUYLYDO ,Q WKH FRQWH[W RI &5& WKH FDQRQLFDO DUP RI 1)
ț% KDV EHHQ LPSOLFDWHG LQ FKHPR DQG UDGLRUHVLVWDQFH KRZHYHU WKH QRQFDQRQLFDO DUP LV
XQGHU LQYHVWLJDWHG ,W ZRXOG EH LPSRUWDQW IRU IXWXUH VWXGLHV WR LQYHVWLJDWH WKH SUHGLFWLYH
FDSDFLW\ RI ,..Į ZLWK UHVSHFW WR H[LVWLQJ FKHPRWKHUDS\ DJHQWV DQG UHVSRQVHV WR
UDGLRWKHUDS\ $OWKRXJK SDWLHQWV ZLWK PHWDVWDWLF GLVHDVH ZHUH H[FOXGHG IURP DQDO\VLV LQ WKH
SUHVHQW VWXG\ IXWXUH VWXGLHV VKRXOG H[SORUH H[SUHVVLRQ RI WKH SDWKZD\ LQ PRUH DGYDQFHG
GLVHDVH 7KHUH LV VXEVWDQWLDO HYLGHQFH WKDW LOOXVWUDWHV WKH LPSRUWDQFH RI WKH LPPXQRORJLFDO
UHVSRQVH ZLWKLQ WKH WXPRXU PLFURHQYLURQPHQW RI &5& 2XU ODE LV FDUU\LQJ RXW ZRUN WR

DVVHVV WKH LPPXQH FRQWH[WXUH LQ WKH *ODVJRZ FRKRUW XVHG LQ WKLV WKHVLV 7KLV ZRUN ZLOO
JHQHUDWH HVVHQWLDO LQIRUPDWLRQ WKDW ZLOO DOORZ XV WR XQGHUVWDQG WKH DVVRFLDWLRQ EHWZHHQ
QRQFDQRQLFDO 1)ț% SDWKZD\ H[SUHVVLRQ DQG WKH LQQDWH DQG DGDSWLYH LPPXQH UHVSRQVHV
ZLWKLQ WKH WXPRXU PLFURHQYLURQPHQW +RZ WKH UHVXOWV SUHVHQWHG LQ WKLV WKHVLV UHODWH WR WKH
FRQVHQVXV PROHFXODU VXEW\SHV RI &5& ZLOO DOVR SURYLGH DQ LQWHUHVWLQJ DUHD IRU IXWXUH
LQYHVWLJDWLRQ
:H KDYH DOVR VWDUWHG FDUU\LQJ RXW ZRUN WR XQGHUVWDQG WKH JHQRPLF DQG WUDQVFULSWRPLF
GLIIHUHQFHV LQ SDWLHQWV ZLWK ORZ DQG KLJK SXQFWDWH ,..Į H[SUHVVLRQ 7KHVH UHVXOWV ZLOO KHOS
XV WR LGHQWLI\ XSVWUHDP GULYHUV DQG WKHLU UHODWLRQVKLS ZLWK WKH SDWKZD\ LQ &5&
:KLOVW SUHOLPLQDU\ H[SHULPHQWV ZHUH FDUULHG RXW LQ FRORQ FDQFHU FHOOV OLQHV XVLQJ ,..Į
LQKLELWRUV PRUH ULJRURXV WHVWLQJ VKRXOG EH WKH IRFXV RI IXWXUH VWXGLHV 7R XQGHUVWDQG WKH
UROH RI ,..Į LQ PRUH GHWDLO PHFKDQLVWLF VWXGLHV VKRXOG DLP WR DVVHVV WKH LPSDFW RI ,..Į
DFWLYDWLRQVLOHQFLQJ RQ FHOO YLDELOLW\DSRSWRVLV DV ZHOO DV JHQH H[SUHVVLRQ ,Q DGGLWLRQ ZH
SODQ WR DVVHVV WKH HIILFDF\ RI WKHVH LQKLELWRUV LQ PXULQH DQG SDWLHQWGHULYHG RUJDQRLGV ,Q
WKH SUHVHQW VWXG\ ORFDOLVDWLRQ RI ,..Į LQ WKH SHULQXFOHDU VSDFH ZDV LQYHVWLJDWHG LQ WLVVXH
KRZHYHU WKLV ZDV QRW H[WHQGHG LQWR WKH FHOOXODU VHWWLQJ ,W ZRXOG EH RI LQWHUHVW WR
LQYHVWLJDWH WKH GLVWULEXWLRQ RI ,..Į LQ FRORQ FDQFHU FHOOV DQG RUJDQRLGV XVLQJ IOXRUHVFHQFH
DQG LQ SDUWLFXODU DQ\ HIIHFW RQ ,..Į ORFDOLVDWLRQ IROORZLQJ WUHDWPHQW ZLWK VHOHFWLYH ,..Į
LQKLELWRUV
:H K\SRWKHVLVHG WKDW KLJK H[SUHVVLRQ RI WKH QRQFDQRQLFDO 1)ț% SDWKZD\ ZDV DVVRFLDWHG
ZLWK SRRUHU RXWFRPH LQ SDWLHQWV XQGHUJRLQJ VXUJHU\ IRU VWDJH ,,,, &5& ,Q FRQFOXVLRQ
UHVXOWV SUHVHQWHG LQ WKLV WKHVLV KDYH VKRZQ WKH QRQFDQRQLFDO 1)ț% SDWKZD\ DQG LQ
SDUWLFXODU ,..Į KDV D SRVVLEOH UROH LQ SURJUHVVLRQ RI &5& UHVXOWLQJ LQ D PRUH LQYDVLYH
WXPRXU SKHQRW\SH DQG VLJQLILFDQWO\ UHGXFHG VXUYLYDO LQ SDWLHQWV XQGHUJRLQJ VXUJHU\ IRU
VWDJH ,,,, &5& 7KH SHULQXFOHDU DFFXPXODWLRQ RI ,..Į KDV UDLVHG D QXPEHU RI TXHVWLRQV
UHJDUGLQJ LWV SRWHQWLDOO\ WXPRXULJHQLF UROH 7RJHWKHU ZLWK SUHOLPLQDU\ FHOO OLQH ZRUN
UHVXOWV IURP WKLV WKHVLV SURYLGH VXIILFLHQW HYLGHQFH WR SXUVXH DGGLWLRQDO WLVVXH VWXGLHV DQG
PHFKDQLVWLF ZRUN WR IXOO\ HOXFLGDWH WKH UROH RI ,..Į LQ &5& DQG WKH SRWHQWLDO WKHUDSHXWLF
LPSDFW RI VHOHFWLYH ,..Į LQKLELWRUV LQ YLWUR

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